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EXECUTIVE SUMMARY 
 
Ocean Isle Beach is located along the eastern portion of Brunswick County. The island 
was incorporated in 1959 and has a current year-round resident population of 
approximately 554, with a seasonal population of 25,000. The island is bordered to the 
south by the Atlantic Ocean, the north by the Atlantic Intracoastal Waterway (AIWW), 
the west by Tubbs Inlet, and the east by Shallotte Inlet. Ocean Isle Beach is 
approximately 5.6 mi long and approximately 0.6 mi wide.  
 
The Town is seeking Federal and State permits to allow the construction of a shoreline 
protection project that would serve to mitigate chronic erosion experienced along the 
eastern portion on the Town’s oceanfront shoreline so as to preserve the integrity of its 
infrastructure, provide protection to existing development, and ensure the continued use 
of the oceanfront beach along this area. There are 238 parcels east of station 15+00 
(located just west of Shallotte Boulevard); 45 of which have homes. All of the parcels 
and homes are vulnerable to erosion damages over the next 30 years should the past 
erosion trends continue. In addition, over 1,800 feet of roads and associated utilities could 
also be damaged or lost over this 30-year timeframe. Of the 45 homes at risk, 18 are 
considered to be located on the oceanfront row, 12 on the second row, and the remaining 
15 farther back on the 3rd and 4th rows. The Town, the State, and private owners have 
been directly impacted by this chronic erosion. To date, five (5) homes have been lost on 
the east end of Ocean Isle Beach since 2005. As a result of these losses, portions of the 
Town’s infrastructure were damaged including approximately 560 feet of E 2nd St. and 
the associated storm sewers, waterlines, and other utilities. The North Carolina 
Department of Transportation (NCDOT) has completely lost the east ends of 1st and 2nd 
Streets, as well as incurred additional costs in maintaining its infrastructure, including the 
installation of sandbags, repaving sections of damaged roads, clean-up of damaged 
section of roads.  
 
The main concerns of residents and owners at Ocean Isle Beach are the economic losses 
resulting from damages to structures and their contents due to hurricane and storm 
activity and the loss of beachfront land due to the ongoing shoreline erosion along the 
east end of the island in proximity to Shallotte Inlet. Historical data establishes that 
current shoreline management strategies have not been successful in providing the proper 
shoreline protection sought by the Town. With a total tax value of property within the 
limits of Ocean Isle Beach of approximately $1,816,012,300 (based on the 2012 
reappraisal), the Town realizes the need to protect homes and infrastructure along the east 
end of the island. This valuation includes the valuation of 3,247 commercial and 
residential structures and property and 1,456 vacant lots (Ivey, pers. comm.).  

Currently, there are 238 parcels and 45 homes east of station 15+00 (located just west of 
Shallotte Boulevard) that are vulnerable to erosion damages over the next 30 years should 
the past erosion trends continue. In addition, over 1,800 feet of roads and associated 
utilities could also be damaged or lost over this 30-year timeframe. Of the 45 homes at 
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risk, 18 are considered to be located on the oceanfront row, 12 on the second row, and the 
remaining 15 farther back on the 3rd and 4th rows.  

To alleviate these problems attributed to erosion, several potential solutions were 
evaluated within this Environmental Impact Statement (EIS). These include abandoning 
the existing infrastructure and retreating from the oceanfront shoreline; continued 
management of the ocean shoreline with present and past activities such as beach 
scraping, periodic nourishment, and placement of sandbags; relocating the inlet to a more 
optimal orientation accompanied with beach nourishment along the eroding shorelines; 
beach nourishment alone; and the construction of a terminal groin accompanied with 
beach nourishment. After consideration of the costs, benefits and environmental 
consequences of the proposed and alternative actions, the Town has identified and is 
proposing a shore protection project including the construction of a 750 foot terminal 
groin located approximately 150 feet east of station 0+00. A 3,214 foot section of 
shoreline located directly west of the terminal groin would be pre-filled with 264,000 
cubic yards of material obtained from Shallotte Inlet, the same source of material as 
the Federal project. The nourishment interval for this proposed project would be every 
5 years. 
 
The structural design of the groin would include a 300 foot shore anchorage section 
extending landward from the 2007 mean high water shoreline. The shore anchorage 
section would be constructed with sheet pile, either steel or concrete. The sheet piles 
would have a top elevation of +4.9 feet NAVD for a distance of about 130 feet between 
the landward end of the rubblemound section and the existing dune. The top elevation of 
the shore anchorage section would be reduced to +4.5 feet NAVD for the remaining 
170 feet. The top of the landward most portion of the shore anchorage section 
would be below the existing ground level. 
 
The rubblemound portion of the terminal groins would be constructed with loosely 
placed armor stone on top of a foundation mat or mattress and would have a crest 
elevation of +4.9 feet NAVD. The loose nature of the armor stone was designed to 
facilitate the movement of littoral material through the structure while the relative low 
crest elevation of +4.9 feet NAVD would allow some sediment to pass over the structure 
during periods of high tide. 
 
This EIS meets requirements under the Federal Environmental Assessment and Review 
Process in determining how to best meet the needs of the people and the environment. 
This EIS includes an evaluation of resources and considerations involved in responding 
to the chronic erosion on the eastern portion of Ocean Isle Beach so as to preserve the 
integrity of its infrastructure, provide protection to existing development, and ensure the 
continued use of the oceanfront beach along the easternmost portion of its oceanfront 
shoreline. Significant resources which occur in the study area include socioeconomic 
resources, marine resources, terrestrial resources, threatened and endangered species, 
recreation and aesthetic resources, and cultural resources. 
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This EIS contains the following information: 
 
 Chapter 1, Introduction – Explains the purpose of the development of an EIS, 

describes agency and public coordination efforts, issues and concerns elicited by the 
development of the EIS and discusses applicable laws, rules and regulations. 

 Chapter 2, Purpose and Need – Identifies purpose and needs of the project and 
discusses how the shoreline along Ocean Isle Beach has been managed in the past.  

 Chapter 3, Project Alternatives– Describes project rationale and alternatives 
considered.  

 Chapter 4, Affected Environment – Identifies existing resources which occur in the 
study area. 

 Chapter 5, Environmental Consequences – Evaluates the project alternatives and 
discusses the anticipated changes to the existing environment including direct, 
indirect, and cumulative effects. 

 Chapter 6, Avoidance and Minimization – Describes several actions and measures 
incorporated to avoid or minimize adverse effects to resources.  

 
Major Conclusions 
Chronic erosion has been a major threat to the homes, infrastructure, and natural 
resources along the eastern portion of Ocean Isle Beach. Action is needed to alleviate this 
threat. The Town is seeking Federal and State permits to allow for the construction of a 
terminal groin with supplemental fill west of the structure obtained from Shallotte Inlet. 
These actions would serve to mitigate the chronic erosion on the eastern portion of the 
island so as to preserve the integrity of its infrastructure, provide protection to existing 
development, and ensure the continued use of the oceanfront beach.  
 
Issues to be Resolved 
It is expected that State and Federal agencies along with the public will provide 
comments to this draft which will result in a comprehensive analysis of alternatives 
chapter including proposed monitoring initiatives. On-going coordination with the North 
Carolina Division of Coastal Management will continue and the details of the 
implementation stages are expected by the release of the Final Environmental Impact 
Statement.  
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Chapter 1  INTRODUCTION 
 

1. What is the purpose of this Environmental Impact Statement? 
 
The Town of Ocean Isle Beach is seeking Federal and State authorization for construction of a 
terminal groin, and associated beach fillet with required maintenance, to be located at the eastern 
end of Ocean Isle Beach. The proposed terminal groin and beach fillet is the Town’s preferred 
alternative of several alternatives considered in this document. This proposed terminal groin is 
one of four such structures approved by the General Assembly to be constructed in North 
Carolina following passing of Senate Bill (SB) 110. The U.S. Army Corps of Engineers 
(USACE) determined that there is not sufficient information to conclude that the project would 
not result in significant adverse impact on the human environment. Therefore, the USACE has 
prepared a draft Environmental Impact Statement (DEIS) pursuant to the National 
Environmental Policy Act (NEPA) to evaluate the environmental effects of the alternatives 
considering the project’s purpose and need. The Town of Ocean Isle Beach has identified the 
purpose and need of the proposed terminal groin and beach fillet to provide shoreline protection 
that would mitigate chronic erosion on the eastern portion on the Town’s oceanfront shoreline 
so as to preserve the integrity of its infrastructure, provide protection to existing development, 
and ensure the continued use of the oceanfront beach along this area. The purpose and need of 
the proposed terminal groin is further discussed in Section 2 of this DEIS.  
 
The purpose of this environmental impact statement (EIS) is to assist in decision making – "to 
help public officials make decisions that are based on understanding of environmental 
consequences, and take actions that protect, restore, and enhance the environment" (43 CFR 
§1500.1). If a Federal agency anticipates that an undertaking may significantly impact the 
environment, or if a project is environmentally controversial, a Federal agency may choose to 
prepare an EIS without having to first prepare an EA. During pre-consultations with key 
agencies, it was determined that an EIS would be required for the proposed actions. The EIS will 
insure that the policies and goals defined in NEPA are adequately addressed in the USACE 
permit evaluation process. It will provide full and fair discussion of significant environmental 
impacts and shall inform decision makers and the public of the reasonable alternatives which 
would avoid or minimize adverse impacts or enhance the quality of the human environment.  
 
NEPA is a United States environmental law created in 1969 that established a U.S. national 
policy promoting the enhancement of the environment and also established the President's 
Council on Environmental Quality (CEQ). NEPA ensures that relevant environmental 
information is available to public officials and citizens before decisions are made and actions are 
taken. The Act requires federal agencies to prepare an EIS for major actions that could have 
significant impacts on the quality of the human environment. Under NEPA, “environment” 
includes the natural and physical environment (such as air, water, geography, geology) as well as 
people’s relationship with the environment (such as health, safety, jobs, schools, housing, and 
aesthetics). An EIS must include an evaluation of both short-term and long-term effects as well 
as possible mitigation measures, if needed.  
 
This DEIS document has also been developed in accordance with the requirements of the State 
Clearinghouse review process under the North Carolina Environmental Policy Act (NCEPA, 

http://en.wikipedia.org/wiki/United_States_environmental_law
http://en.wikipedia.org/wiki/U.S._environmental_policy
http://en.wikipedia.org/wiki/Council_on_Environmental_Quality
http://en.wikipedia.org/wiki/Council_on_Environmental_Quality
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G.S. 113A-1). Upon the development and submittal of the Final EIS, additional filing under the 
NC EPA will not be required. 
 
Each alternative presented in this document will be evaluated for its ability to satisfy the stated 
purpose and need. Such analysis will include evaluation of stated project goals and objectives, as 
well as the environmental, economic, and social consequences associated with each alternative. 
This evaluation process will help lead to the selection of the least environmentally damaging 
practicable alternative (LEDPA) that meets the project needs and objectives while resulting in 
minimal negative environmental impacts.  
 
2. What is the NEPA EIS process and how does it relate to the Town of Ocean Isle Beach’s 
proposed project? 
 
This EIS will be prepared using the following sequence: gathering government and public 
comments to define the issues that should be analyzed in the EIS (a process known as 
“scoping”); gathering available data, preparing the draft EIS document and releasing it to the 
public requesting feedback; receiving and responding to public comments on the draft EIS; and 
preparing the subsequent final EIS. Decisions are not made in an EIS document; rather, the EIS 
primarily serves as an assessment of various project alternatives and their respective effects on 
the environment. Furthermore, the document is utilized to help evaluate and determine which, of 
the project options is the LEDPA that meets the applicant’s purpose and needs. This final 
evaluation will be made in the Record of Decision (ROD).  The following describes the general 
concepts in the NEPA EIS process, which was used in evaluating the Town’s proposed project: 
 
Scoping 
Scoping is the process of identifying the key issues as they pertain to the proposed action. The 
USACE began the scoping process for this EIS by publishing a Notice of Intent (NOI) in the 
Federal Register to let the public know that it is considering an action and will prepare an EIS. 
During the scoping period, the public can provide comments on the proposed action, alternatives, 
issues, and environmental impacts to be analyzed in the EIS. Scoping may involve public 
meetings and other means to obtain public comments on the EIS. 
 
Draft EIS 
During scoping, information is collected and used for the preparation of a draft EIS. The draft 
EIS presents, analyzes, and compares the potential environmental impacts for the proposed 
action and alternatives and their implementation, and provides additional information on the 
methodologies and assumptions used for the analyses. A Notice of Availability (NOA) is 
published in the Federal Register announcing the release of the draft EIS for public review and 
comment. The NOA begins a 45-day comment period. Public comments on the draft EIS are 
considered in the preparation of the final EIS.  
 
Final EIS 
After the draft EIS commenting period is completed and through continuing scoping, a final EIS 
is prepared, published in the Federal Register, and released for any additional comments for a 
30-day period. All comments received during the commenting period will be addressed where 
applicable to prepare the final EIS.  
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Record of Decision 
After the final EIS is published, a minimum 30-day waiting period is required before a ROD can 
be issued. The ROD notifies the public of the decision made on the proposed action and presents 
the reasons for that decision. The decision-making process may include consideration of factors 
such as cost, technical feasibility, agency statutory missions, and national objectives, as well as 
the potential environmental impacts of an action(s).  
 
3.  How has the public been involved? 
 
In accordance with the National Environmental Policy Act 
(NEPA) and State Environmental Policy Act (SEPA) 
requirements, an early and open public forum process, 
identified as “scoping”, was initiated to identify significant 
issues related to the proposed action and establish an 
appropriate scope of work for addressing those issues in the 
EIS document.  
 
In order to engage the general public, including residents of 
Ocean Isle Beach and all stakeholders, a Notice of Intent (NOI) 
was issued and published in the Federal Register (77 FR 58530) on September 21, 2012. This 
Notice of Intent served to inform the public of the “intent to prepare a DEIS for the installation 
of a terminal groin structure at Shallotte River Inlet and to conduct supplemental beach 
nourishment along the eastern oceanfront shoreline of Ocean Isle Beach, in Brunswick County, 
NC”. The NOI provided the project description and described the proposed action, potential 
impacts, project alternatives, and the scoping process. Along with this issuance, a Public Notice 
(PN) containing similar information was released by the USACE on the same date. As 
announced in the NOI and PN, the initial scoping meeting was held on October 3, 2012 in the 
Ocean Isle Beach Town Hall Public Assembly in Ocean Isle Beach. 
 
In a continual effort to include the public, State and Federal agencies, and all interested 
stakeholders in the process, a Project Review Team (PRT) was assembled. The PRT members 
were individually asked to: 1) provide input for the development of the EIS, 2) keep the public 
informed of project development, 3) discuss project-related concerns, and 4) to identify natural 
resources and biological data from within the Permit Area. The PRT is comprised of a broad-
based team of individuals who represent the following interests: local, state and federal 
government officials; business and property owners; non-governmental organizations; as well as 
the project design team Coastal Planning & Engineering of North Carolina, Inc. (CPE-NC) 
(Table 1.1). The first PRT meeting was held on March 5, 2013. See Appendix A, Subpart 1 for 
meeting minutes. Additional members may be added to this group in the future. Potential 
members may include representatives from tribal entities and representatives from other groups 
expressing interest in this project. 
 
 
 
 

Appendix A, Subpart 1: 
Scoping Meeting and PDT 
Meeting Minutes  
 
This appendix includes the 
minutes from the initial 
scoping meeting and 
subsequent PDT meetings. A 
list of meeting attendees is 
included. 
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Table 1.1- Ocean Isle Beach Shoreline Management Project PRT Members 
Name Representing Email 
Third Party Preparer 
Rosov, Brad CPE-NC brad.rosov@cbi.com 
Finch, Greg CPE-NC greg.finch@cbi.com 
Project Design Team 
Neal, Robert CPE-NC robert.neal@cbi.com 
Jarrett, James CPE-NC james.jarrett@cbi.com 
Willson, Ken CPE-NC kenneth.willson@cbi.com 
Local Government 
Smith, Debbie OIB Mayor mayor@oibgov.com 
Ivey, Daisy OIB, Town Manager daisy@oibgov.com 
Whiteside, Justin OIB justin@oibgov.com 

 
Lead Federal Agency 
Beter, Dale USACE – SAW (RG) dale.e.beter@usace.army.mil 
Tyler Crumbley USACE – SAW (RG) tyler.crumbley@usace.army.mil 
Pruitt, Carl USACE – SAW (OC) carl.e.pruitt@usace.army.mil 
Castens, Pam USACE – SAW pamela.g.castens@usace.army.mil 
Horton, Todd USACE – SAW james.t.horton@usace.army.mil 
Wutkowski, Mike USACE – SAW michael.j.wutkowski@usace.army.mil 
State Agencies 
Huggett, Doug NCDCM doug.huggett@ncdenr.gov 
Howell, Jonathan NCDCM jonathan.howell@ncdenr.gov 
Wilson, Debbie NCDCM debra.wilson@ncdenr.gov 
Snider, Holley NCDCM holley.snider@ncdenr.gov 
Coburn, Chad NCDWQ chad.coburn@ncdenr.gov 
Baker, Jessi NCDMF jessi.baker@ncdenr.gov 
Deaton, Anne NCDMF anne.deaton@ncdenr.gov 
Earley, Renee 
Gledhill- NCSHPO renee.gledhill-earley@ncdcr.gov 

Dunn, Maria NCWRC maria.dunn@ncwildlife.org 
Schweitzer, Sara NCWRC sara.schweitzer@ncwildlife.org 
Godfrey, Matthew NCWRC matt.godfrey@ncwildlife.org 
Federal Agencies 
Rhode, Fritz NMFS fritz.rhode@noaa.gov 
Wilbur, Pace NMFS pace.wilbur@noaa.gov 
Ellis, John USFWS john_ellis@fws.gov 
Matthews, Kathy USFWS kathryn_matthews@fws.gov 
Bowers, Todd EPA bowers.todd@epa.gov 
Gagliano, Paul EPA gagliano.paul@epa.gov 
Other Stakeholders 
Giles, Mike Coastal Federation capefearcoastkeeper@nccoast.org 
Zivanovic-
Nenadovic, Ana Coastal Federation anaz@nccoast.org 

 

mailto:mayor@oibgov.com
mailto:daisy@oibgov.com
mailto:justin@oibgov.com
mailto:anaz@nccoast.org
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Name Representing Email 
 
Simmons, Harry NCBIWA harry.simmons@ncbiwa.org 

Candler, Steve Brunswick County Association 
of Realtors steve@bcarnc.com 

Golder, Walker Audubon North Carolina wgolder@audubon.org 
Cleary, Bill Independent Contractor wcleary@charter.net 
Hewett, David Town of Holden Beach dhewett@hbtownhall.com. 

Sherrill, Wilson 
Councilman, Town of Sunset 
Beach 
 

wilsonsherrill@hotmail.com 
 

Lawing, Marty Brunswick County, Manager mlawing@brunsco.net 

Stone, Steve Brunswick County, Assistant 
Manager sstone@brunsco.net 

 
4.  How have government agencies been involved? 
 
Participation in the EIS process by Federal, state, and local government agencies and other 
interested organizations and persons has been encouraged. The USACE will be conducting 
additional consultation efforts with the U.S. Fish and Wildlife Service (USFWS) under the 
Endangered Species Act and the Fish and Wildlife Coordination Act; with the National Marine 
Fisheries Service (NMFS) under the Magnuson-Stevens Act and Endangered Species Act; and 
with the North Carolina State Historic Preservation Office (NCSHPO) under the National 
Historic Preservation Act. Specifically, the USACE will consult with the USFWS regarding 
species listed under the Endangered Species Act (ESA) via the development of a Biological 
Assessment (BA). NMFS will be consulted regarding essential fish habitat via the development 
of an Essential Fish Habitat (EFH) assessment. Additionally, because this EIS assesses the 
potential water quality impacts pursuant to Section 401 of the Clean Water Act, coordination 
efforts are being made with the North Carolina Division of Water Quality (DWQ), and a DWQ 
Section 401 water quality certification is required.  Furthermore, the USACE has worked closely 
with the North Carolina Division of Coastal Management (DCM) through the development of 
this EIS to ensure the process complies with all State Environmental Policy Act (SEPA) 
requirements and to determine consistency with the Coastal Zone Management Act (CZMA). 
 
As stated above, representatives of the relevant federal agencies have been involved in the 
scoping meeting and the subsequent PRT meetings. Their input has been integrated into this EIS 
document. 
 
5.  What is the Ocean Isle Beach Shoreline Management Project and where is it located? 
 
The Town of Ocean Isle Beach is seeking Federal and State permits to allow development of a 
shoreline protection project that would mitigate chronic erosion on the eastern portion on the 
Town’s oceanfront shoreline so as to preserve the integrity of its infrastructure, provide 
protection to existing development, and ensure the continued use of the oceanfront beach along 
this area.  
 

mailto:wcleary@charter.net
mailto:dhewett@hbtownhall.com
mailto:wilsonsherrill@hotmail.com
mailto:sstone@brunsco.net
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Ocean Isle Beach is located along the eastern portion of Brunswick County. The island was 
incorporated in 1959 and has a current year-round resident population of approximately 554, 
with a seasonal population of 25,000. The island is bordered to the south by the Atlantic Ocean, 
the north by the Atlantic Intracoastal Waterway (AIWW), the west by Tubbs Inlet, and the east 
by Shallotte Inlet (Figure 1.1). Ocean Isle Beach is approximately 5.6 mi long and approximately 
0.6 mi wide. The proposed project is located along the oceanfront shoreline on the southeast end 
of the island.  
 

 
Figure 1.1- Ocean Isle Beach Shore Protection Project Location Map 
 
Between March and May 2001, the USACE initiated a 
storm damage reduction project with the construction of 
a beach fill project extending along 17,100 feet (3.25 
miles) of the Town’s shoreline from just west of 
Shallotte Blvd (station 10+00 on the USACE baseline) 
to a point approximately 3,700 feet west of the Ocean 
Isle Beach Pier & Arcade (USACE baseline station 
181+00). The limits of the Federal project and the 
Federal borrow area located within Shallotte Inlet are 
shown in Figure 1.2. A total of 1,866,000 cubic yards 
was placed along the project shoreline. The beach fill 
included a combination of variable width berms 

What is NAVD? 
 
The North American Vertical Datum 
(NAVD) is the vertical control 
reference used in surveying land 
elevation. Lines of elevation surveying 
beginning at the dune and continuing 
approximately 1 mile offshore are 
used to monitor sand movement in 
beach nourishment projects and 
measure project performance. 
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constructed to an elevation of +6.0 ft NAVD (North American Vertical Datum). A dune having a 
crest elevation of +8.5 feet was also provided along 5,150 feet of the project between baseline 
stations 51+50 and 103+00. The westernmost 9,500 feet of the Town’s shoreline was not 
included in the Federal project as this area is rather stable and is fronted by an established dune 
system. The eastern end of Ocean Isle Beach between Shallotte Boulevard and Shallotte Inlet 
was not included in the Federal project because the predicted high rates of loss that would occur 
from a beach fill placed in this area.  
 

   
Figure 1.2. Map of Ocean Isle Beach showing the limits of the Federal project, the Federal borrow area, and 
the proposed terminal groin. 
 
Based on the USACE economic evaluation, the cost of protecting the end of the island east of 
Shallotte Boulevard using only beach nourishment exceeded the value of the development and 
was therefore excluded from the Federal project. While the east end of the Town did not meet the 
Federal standards, the economic value of the properties and infrastructure on the east end of the 
Town are important to the Town’s economy. Also, the continued loss of buildings and 
infrastructure projects a negative image of the Town which potentially could have a negative 
effect on the value of properties not directly impacted by the chronic erosion. Accordingly, the 
Town of Ocean Isle is evaluating various shoreline management alternatives that could reduce 
the erosion impacts to a more manageable level.   
 
During the formulation of the Federal storm damage reduction project, the USACE attributed 
much of the chronic erosion on the eastern portion of Ocean Isle Beach to changes in the 
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orientation and position of the main ebb channel through Shallotte Inlet. In this regard, when the 
ocean bar channel of Shallotte Inlet is oriented toward the west end of Holden Beach (as it had 
been since the mid 1970’s up until the construction of the Federal project) the west side of the 
ebb tide delta of the inlet also migrates toward the west exposing the east end of Ocean Isle 
Beach to direct wave attack. In addition, with the main bar channel situated closer to Holden 
Beach, flood channels tend to form close to shore along the east end of Ocean Isle Beach. The 
presence of the flood channels combined with wave driven currents transport sediment off the 
east end of the island and into Shallotte Inlet at a faster rate than the supply of wave driven sand 
being transported toward the east off the main portion of the island. 
 
Given the impact of the bar channel on the east end of Ocean Isle Beach, the USACE formulated 
the storm damage reduction project to include a borrow area that extends from the confluence of 
Shallotte Inlet and the AIWW across the ebb tide delta of Shallotte Inlet (Figure 1.3). In 
designing the inlet borrow area in this manner, the USACE had hoped the repositioned bar 
channel would result in the reconfiguration of the ebb tide delta off the east end of Ocean Isle 
Beach and in-so-doing, lessen the erosion rates on the east end of Ocean Isle Beach. However, 
the repositioning of the bar channel did not lessen erosion rates as hoped. Since, repositioning 
the bar channel, shoreline erosion rates have remained high resulting in the loss of five (5) 
homes, 560 feet of E. 2nd Street, and associated water lines, storm sewers, and other utilities 
since 2005. The NC Department of Transportation (NCDOT) has also expended considerable 
effort in response to erosion on the east end of the island. NCDOT’s efforts have included the 
installation of sandbag revetments, repaving damaged sections of roads, and clean-up of 
damaged sections. Even with these efforts, the east ends of 1st and 2nd Streets have been lost.  
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Figure 1.3. Map of the authorized borrow area at Shallotte Inlet and approximate dredged footprints. 
 
To alleviate these problems attributed to erosion, several 
alternatives have been evaluated. A description of the 
alternatives is provided in Chapter 3 with evaluation of the 
impacts of each alternative given in Chapter 5. The Applicant’s 
Preferred Alternative includes the construction of a terminal 
groin 750 ft. in length with a 300 ft. shore anchorage section to 
protect against possible flanking of the landward end of the 
structure (Figure 1.1). This structure is intended to control tidal 
current-induced shoreline changes immediately west of 
Shallotte Inlet. In addition to the construction of the terminal 
groin, a 3,214 ft. section of oceanfront shoreline adjacent to the 
structure would be nourished with material excavated from the borrow area utilized by the 
USACE in Shallotte Inlet (Figure 1.1).   
 

What is a Terminal Groin? 
 
A shoreline protection structure 
that reduces beach erosion by 
temporarily trapping sand before 
it reaches the inlet. Once the 
sand forms an “accretion fillet” to 
protect the shoreline, sand 
continues its normal flow by 
moving over, thru or around the 
structure. 
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6.  What issues were identified as part of scoping? 
 
During scoping (through public meetings and written comments), several issues were identified 
in association with the proposed project, including: funding concerns, impacts to environmental 
resources within the inlet complex, sand quality and compatibility, and environmental concerns 
associated with the construction and effects of a terminal. 
 
Summaries of the public scoping meetings and PRT meetings held to date are listed below. 
Minutes to the PRT meetings are to be found in Appendix A. 
 
 The October 3, 2012 Public Scoping Meeting convened at Town Hall in Ocean Isle 

Beach. The scoping meeting was designed to solicit comments from the public, Federal, State 
and local agencies and officials, and other interested parties to identify issues to be addressed 
in the EIS document.  Attendees included local residents, resource agencies, representatives 
from the Town of Ocean Isle Beach, non-governmental organizations, and (CPE-NC). 
Concerns expressed from the attendees are documented in Appendix A. 
 

 The March 5, 2013 PRT Meeting included the following: The USACE provided an 
introduction to the NEPA process and the USACE’s involvement as the lead Federal agency 
in the process. They also described the role of the PRT and the 3rd Party Contractor. The 
DCM reviewed the SB110 language and how the DCM is interpreting it for this project. A 
representative of CPE-NC presented the draft permit area, the project purpose and needs, and 
an inventory of baseline biological data. CPE-NC also presented the proposed project 
alternatives. The meeting format allowed for open discussions during and after the 
presentation. 

 
7.  What laws are involved? 
 
The following section includes a description of applicable Federal and State laws associated with 
the Ocean Isle Beach Shoreline Management Project. This EIS document has been prepared to 
satisfy both the National Environmental Policy Act (NEPA) and the North Carolina State 
Environmental Policy Act (SEPA) requirements in accordance with State and Federal law.  
 
National Environmental Policy Act of 1969 
 
The National Environmental Policy Act (42 U.S.C. 4321; 40 C.F.R. 1500.1) includes six 
fundamental objectives that have been developed since its enactment in 1970. These objectives 
include: supplemental legal authority; procedural reform; disclosure of environmental 
information; resolution of environmental problems; foster intergovernmental coordination and 
cooperation; and enhance public participation in governmental planning and decision making 
(Bass et al., 2001). A NEPA document is required when a project includes a Federal action 
including the need for Federal permits, the use of Federal funding, or if the action is to take place 
on Federal lands. 
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Section 10 of the Rivers and Harbors Act of 1899 
 
Pursuant to Section 10 of the Rivers and Harbors Act of 1899, certain structures or work in or 
affecting navigable waters of the US will be regulated under the purview of USACE (33 CFR 
322.1). The Act states that “it shall not be lawful to excavate or fill…..alter or modify the course, 
location, condition, or capacity of, any port roadstead, haven, harbor, canal, lake, harbor of 
refuge, or enclosure within the limits of any breakwater, or of the channel of any navigable water 
of the United States unless the work has been recommended by the Chief of Engineers and 
authorized by the Secretary of War….” (USACE, 2006). The geographic jurisdiction of the 
Rivers and Harbors Act includes all navigable waters of the United States which are defined (33 
CFR Part 329) as, "those waters that are subject to the ebb and flow of the tide and/or are 
presently used, or have been used in the past, or may be susceptible to use to transport interstate 
or foreign commerce." This jurisdiction extends seaward to include all ocean waters within a 
zone three nautical miles from the coastline (the "territorial seas").  
 
Clean Water Act of 1972 
 
Section 404 of the Clean Water Act established a permit program under the purview of the 
USACE, to regulate the discharge of dredged and fill material into waters of the U.S., including 
wetlands. These waters consisting of, but not limited to, “all waters which are currently used or 
were used in the past, or may be susceptible to use in interstate or foreign commerce, including 
all waters which are subject to the ebb and flow of the tide” (33 CFR 328.3(a)(1)). This program 
is jointly administered by the Environmental Protection Agency and the USACE. 
 
Section 401 of the Clean Water Act includes the delegation of Federal authority to the State of 
North Carolina to issue a 401 Water Quality Certification. The 401 Water Quality Certification is 
applicable to all projects that require a Federal permit (i.e., Section 404 Permit) for discharge of 
dredge material into waters and wetlands of the U.S. The 401 Water Quality Certification 
Program is administered by the North Carolina Division of Water Quality to prevent the 
degradation of waters in the State and to prevent any violations of the State water quality 
standards.  
 
Endangered Species Act of 1973 
 
The ESA was signed on December 28, 1973, and provides for the conservation of species that 
are endangered or threatened throughout all or a significant portion of their range, and the 
conservation of the ecosystems on which they depend. The ESA replaced the Endangered 
Species Conservation Act of 1969; it has been amended several times. The lead Federal agencies 
for implementing ESA are the USFWS and the NMFS. The USFWS maintains a worldwide list 
of endangered species. Species include birds, insects, fish, reptiles, mammals, crustaceans, 
flowers, grasses, and trees. Coordination with the USFWS and NMFS includes consultation 
under Section 7 of the ESA, as amended. 
 

http://www.nmfs.noaa.gov/pr/species/esa/
http://www.nmfs.noaa.gov/pr/species/esa/
http://www.fws.gov/endangered/species/index.html
http://www.fws.gov/endangered/species/index.html
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National Historic Preservation Act of 1966 
 
The National Historic Preservation Act is legislation intended to preserve historical and 
archaeological sites in the United States of America. The act created the National Register of 
Historic Places, the list of National Historic Landmarks, and the State Historic Preservation 
Offices. The National Historic Preservation Act also includes provisions for ensuring 
coordination with Native American tribes for the protection of tribal artifacts or remains through 
coordination with the Tribal Historic Preservation Officer. Under certain conditions, a tribe may 
assume all or any part of the functions of a State Historic Preservation Officer with respect to 
tribal lands.  
 
Senate Bill 3035, the National Historic Preservation Act, was signed into law on October 15, 
1966. Several amendments have been made since. Among other things, the act requires Federal 
agencies to evaluate the impact of all Federally funded or permitted projects on historic 
properties (buildings, archaeological sites, etc.) through a process known as Section 106 Review. 
 
Archival research, field work and coordination with the North Carolina State Historic 
Preservation Officer (SHPO), have been conducted in accordance with the National Historic 
Preservation Act of 1966 (Public Law 89-665), the National Environmental Policy Act of 1969 
(Public Law 11-190), Executive Order 11593, the Advisory Council on Historic Preservation 
Procedures for the protection of historic and cultural properties (36 CFR Part 800) and the 
updated guidelines described in 36 CFR 64 and 36 CFR 66. 
 
The North Carolina Office of State Archaeology (OSA) protects endangered archaeological sites 
on private or public lands through enforcement of the North Carolina Archaeological Resources 
Protection Act (G.S. 70, article 2), the North Carolina Archaeological Records Program (G.S. 70, 
article 4), and the “Abandoned Shipwreck Law” (G.S. 121, article 3).  
 
Magnuson-Stevens Fishery Conservation and Management Act of 1996 
 
The Magnuson Fishery Conservation and Management Act of 1976, amended Magnuson-
Stevens Fishery Conservation and Management Act (MSFCMA) in October 1996 and also 
referred to as the Sustainable Fisheries Act, were enacted by the U.S. Congress to protect marine 
fish stocks and their habitat, prevent and stop overfishing and minimize bycatch. Congress 
defined Essential Fish Habitat (EFH) as "those waters and substrate necessary to fish for 
spawning, breeding, feeding or growth to maturity." The MSFCMA requires that EFH be 
identified for all fish species Federally managed by the Fishery Management Councils and the 
National Marine Fisheries Service (NMFS). 
 
Fish and Wildlife Coordination Act of 1958 
 
The Fish and Wildlife Coordination Act of 1958, as amended, mandates that Federal and State 
agencies cooperate “to protect, rear, stock, and increase the supply of game and fur-bearing 
animals….[and] study the effects of domestic sewage, trade wastes, and other polluting 
substances on wildlife.” The Act also requires consultation with the Bureau of Fisheries, Fish 
and Wildlife Service and State fish and wildlife agencies where the “waters of any stream or 

http://en.wikipedia.org/wiki/Archaeology
http://en.wikipedia.org/wiki/United_States_of_America
http://en.wikipedia.org/wiki/National_Register_of_Historic_Places
http://en.wikipedia.org/wiki/National_Register_of_Historic_Places
http://en.wikipedia.org/wiki/National_Historic_Landmarks
http://en.wikipedia.org/wiki/State_Historic_Preservation_Office
http://en.wikipedia.org/wiki/State_Historic_Preservation_Office


 

DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 
  13 

other body of water are proposed or authorized, permitted or licensed to be impounded, 
diverted…or otherwise controlled or modified” by any agency under a Federal permit or license. 
Additional amendments to the Act have “permitted lands valuable to the Migratory Bird 
Management Program to be made available to the State agency exercising control over wildlife 
resources (USFWS, 2006). 
 
Marine Mammal Protection Act of 1972 
 
The Marine Mammal Protection Act was enacted to protect marine mammals that were subject to 
potential danger of extinction or depletion as a result of human activities, The Act requires 
measures be taken to ensure these species or stocks do not fall below their optimum sustainable 
population level. Furthermore, the Act requires measures be taken to replenish these species or 
stocks as they have been determined to provide international importance. 
 
Coastal Zone Management Act of 1972 
 
Enacted by Congress in 1972, the Coastal Zone Management Act (CZMA) does not require, but 
encourages that each State preserve, protect, restore or enhance natural coastal resources 
including; wetlands, floodplains, estuaries, beaches, dunes, barrier islands and coral reefs, as well 
as the fish and wildlife that utilize these resources. Since this Act is voluntary, any State that 
implements a coastal management program as defined in this Act will receive Federal financial 
aid.  
 
The North Carolina DCM has developed and enforces a coastal management plan with the rules 
and policies that supports the ideals and concepts of the CZMA. The North Carolina DCM 
enforces this Act using the rules and policies of the Coastal Area Management Act of 1974 
(enabled and delegated in 1972; adopted and implemented in 1974). 
 
North Carolina Environmental Policy Act (As Amended) 
 
The North Carolina (or State) Environmental Policy Act of 1971 (SEPA) requires State agencies 
to review and report the environmental effects of all activities that involve an action by a State 
agency, an expenditure of public monies or private use of public land, and that may have a 
potential negative environmental effect on natural resources, public health and safety, natural 
beauty, or historical or cultural elements of the State. This Environmental Impact Statement has 
been developed in accordance with the requirements of the State Clearinghouse review process 
under the North Carolina Environmental Policy Act, based upon the agreement between the 
North Carolina DCM and the USACE. Upon the development and submittal of the final EIS, 
additional filing under the NC EPA will not be required. 
 
North Carolina Coastal Area Management Act of 1974 
 
The North Carolina Coastal Area Management Act (CAMA) (§ 113A-100) was implemented to 
preserve the physical, aesthetic, cultural and recreational values, including the management of 
land and water resources in North Carolina's 20 coastal counties. Under CAMA, permits are 
necessary for development type projects proposing work in any Areas of Environmental Concern 
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(AEC) established by the Coastal Resources Commission (CRC). An AEC includes areas of 
natural importance such as 1) estuarine and ocean systems, 2) ocean hazard system, 3) public 
water supplies, and 4) natural and cultural resource areas. Under CAMA, the proposed work 
cannot cause significant damage to one or more of the historic, cultural, scientific, environmental 
or scenic values or natural systems identified in the AECs listed. In addition, significant 
cumulative effects cannot result from a development project (NCDCM, 2003).  
 
North Carolina Dredge and Fill Law 
 
Under CAMA (§ 113-229), the North Carolina DCM regulates projects that involve excavation 
or filling in any estuarine waters, tidelands, marshlands, or State-owned lakes. An applicant 
proposing work in such lands must obtain a permit from both the North Carolina Department of 
Environment and Natural Resources and the USACE (NCDCM, 2006). 
 
North Carolina Surface Water Quality Standards 
 
The North Carolina Division of Water Resource’s Surface Waters and Wetlands Standards 
(North Carolina Administrative Code 15A NCAC 02B .0100 & .0200) were implemented for 
assigning and regulating water quality standards for waters in the State of North Carolina. The 
water column in the Ocean Isle project area is classified as both SA waters and Outstanding 
Resource Waters. Class SA waters are surface waters suitable for shellfishing for market 
purposes. Waters designated as Class SA have specific water quality standards that must be met, 
as well as the water quality standards assigned to both Class SB and SC waters. Outstanding 
Resource Waters (ORW) includes waters of exceptional water quality. Waters designated as 
ORW and/or Class SA waters are also classified as High Quality Waters (HQW) (NCDWQ, 
2003). 
 
Based on the above classifications, water quality standards applicable to the project area include: 
1) “turbidity in the receiving water shall not exceed 25 Nephelometric Turbidity Units (NTU)” 2) 
“changes in salinity due to hydrological modifications shall not result in the removal of the 
functions of a Primary Nursery Area (PNA)” 3) temperature “shall not be increased above the 
natural water temperature by more than 0.8oC (1.44oF) during the months of June, July or August 
nor more than 2.2oC (3.96oF) during other months, and in no cases to exceed 32ºC due to the 
discharge of heated liquids” 4) dissolved oxygen cannot decrease below 5.0 mg/l, except in 
“poorly flushed tidally influenced streams or embayments, or estuarine bottom waters” which 
may have decreased values from natural causes and 5) pH levels “shall be normal for the waters 
in the area, which generally range between 6.8 and 8.5 except that swamp waters may have a pH 
as low as 4.3 if it is the result of natural conditions” (NCDWQ, 2006).  
 
Limitations on Erosion Control Structures, North Carolina General Statute § 113A-115.1 
 
This law establishes limitations of erosion control structures along the ocean shoreline. The 
“ocean shoreline” is defined as “the Atlantic Ocean, the oceanfront beaches, and frontal dunes”. 
Furthermore, the term "ocean shoreline" includes “an ocean inlet and lands adjacent to an ocean 
inlet but does not include that portion of any inlet and lands adjacent to the inlet that exhibits 
characteristics of estuarine shorelines”. This statute defines such a structure as “breakwater, 
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bulkhead, groin, jetty, revetment, seawall, or any similar structure”. Terminal groins, or 
specifically a groin that is constructed at the end of a littoral cell or on the updrift side of an inlet 
to prevent sediment passage into the channel beyond, are included under this statute, as of the 
passing of SB110. SB110 allows a total of four (4) terminal groins within the State as long as the 
applicant meets a suite of requirements. These requirements include the preparation of an 
Environmental Impact Statement, proof of financial assurance to cover post construction 
monitoring and mitigation (if warranted), and notification to adjacent property owners amongst 
other requirements.  
 
In addition to the above Federal and State laws, the project must comply with requirements 
outlined in various statutes applicable to the regulatory program, as well as pertinent Executive 
Orders and Memoranda. Compliance with these provisions will be documented in the ROD. 
Additionally, the project may be subject to certain local government regulations. 
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Chapter 2  PURPOSE AND NEED 

1. What are the purpose and need of this project? 
 
The main concern of residents and owners at Ocean Isle 
Beach are economic losses resulting from damages to 
structures and their contents due to hurricane and storm 
activity and the loss of beachfront land due to the 
ongoing shoreline erosion along the east end of the 
island in proximity to Shallotte Inlet. Historical data 
establishes that current shoreline management strategies 
have not been successful in providing the proper 
shoreline protection sought by the Town. With a total 
tax value of property within the limits of Ocean Isle 
Beach of approximately $1,816,012,300 (based on the 
2012 reappraisal), the Town realizes the need to protect 
homes and infrastructure along the east end of the 
island. This valuation includes the valuation of 3,247 
commercial and residential structures and property and 
1,456 vacant lots (Ivey, pers. comm.).  
 
The purpose and need of the Ocean Isle Beach 
Shoreline Management Project are as follows:  
 

 To reduce or mitigate erosion along 3,500 feet 
of Ocean Isle Beach oceanfront shoreline west 
of Shallotte Inlet;  
 

 To maintain the Town’s tax base by providing long-term protection of property and 
infrastructure through reduced storm damage and erosion on the oceanfront shoreline of 
Ocean Isle Beach between Shallotte Inlet and the western terminus of the Federal Project;  

 
 Maintain existing recreational resources; and  

 
 Balance the needs of the human environment with the protection of existing natural 

resources. 
 
In short, the Town of Ocean Isle Beach is seeking Federal and State permits to allow 
development of a shoreline protection project that would mitigate chronic erosion on the eastern 
portion on the Town’s oceanfront shoreline so as to preserve the integrity of its infrastructure, 
provide protection to existing development, and ensure the continued use of the oceanfront beach 
along this area 
 

Category 3 and 4 Hurricanes 
Affecting the North Carolina Coast 

Name Year 
Landfall 
Location 

Unnamed 1933 Ocracoke 

Great 
Atlantic 

Hurricane 
1944 Cape Hatteras 

Hazel 1954 NC/SC Border 

Connie 1955 Portsmouth 

Ione 1955 Morehead City 

Helene 1958 Offshore Outer 
Banks 

Donna 1960 Emerald Isle 

Diana 1984 Cape Fear 

Gloria 1985 Offshore 
Hatteras Island 

Emily 1993 Hatteras Island 

Fran 1996 Cape Fear 
      (Hurricane Research Division, 2008). 
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2. How is the Ocean Isle Beach shoreline managed today?  
  
Between March and May 2001, the USACE constructed a Federal beach fill project for storm 
damage reduction that covered 17,100 feet (3.25 miles) of the Town’s shoreline beginning at 
Shallotte Boulevard (station 10+00 on the USACE baseline) on the east and extended to a point 
approximately 3,700 feet west of the Ocean Isle Beach Pier & Arcade (USACE baseline station 
181+00) (Figure 1.2). The westernmost 9,500 feet of the Town’s shoreline was not included in 
the Federal project as this area is rather stable and is fronted by an established dune system. The 
eastern end of Ocean Isle Beach between Shallotte Boulevard and Shallotte Inlet was not 
included in the Federal project because the predicted high rates of loss that would occur from a 
beach fill placed in this area. Based on the USACE economic evaluation, the cost of protecting 
the extreme east end of the island exceeded the value of the development and infrastructure it 
would protect and was therefore excluded from the Federal project. 
 
Initial construction of the Federal project in 2001 involved the placement of 1,866,000 cubic 
yards of material obtained from a borrow area located in Shallotte Inlet (Figure 1.2). The 
Shallotte Inlet borrow area was also designated as a source for future periodic beach 
nourishment, which was scheduled to occur every three (3) years. Based on USACE estimates, 
300,000 cubic yards (100,000 cubic yards/year) would be needed every 3 years to maintain the 
Federal project.  
 
The Ocean Isle Beach project has been nourished twice since initial construction. The first 
periodic re-nourishment operation was accomplished between December 2006 and January 2007 
and involved both a Federal and a non-Federal component. The Federal component, which was 
completed in December 2006, placed 449,400 cubic yards of material between stations 10+00 
and 72+00, while the non-Federal component placed 155,000 cubic yards between stations -3+00 
and 17+00. Approximately 40,000 cubic yards of material from this non-Federal component was 
placed within the Federal project limits. The non-Federal component represented an attempt by 
the Town to address the extreme erosion problem east of Shallotte Boulevard. The second 
periodic re-nourishment operation occurred between April and May 2010 and involved the 
placement of 509,200 cubic yards of material between stations 10+00 and 120+00. The western 
6,000 feet of the Federal project continues to perform very well and has not required periodic 
nourishment since construction in 2001. 
 
Since the initial construction (2001) and excluding the 2007 non-Federal effort on the east end, a 
total of 1,758,600 cubic yards of periodic nourishment has been placed within the limits of the 
Federal project generally between stations 10+00 and 120+00. Most of the non-Federal effort in 
January 2007 placed material outside the Federally authorized limits of the project. However, 
assuming the material was equally distributed and allowing for a transition section on the west 
end, an estimated 30,000 cubic yards was probably placed within the project between stations 
10+00 and 17+00. Thus, including the non-Federal nourishment, a total of 1,798,600 cubic yards 
of material has been placed within the Federally authorized limits of the Ocean Isle Beach 
project since its initial construction in 2001 (Table 2.1). This represents an average annual 
nourishment rate of approximately 136,000 cubic yards/year. This actual nourishment rate is 
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close to the USACE estimated nourishment requirement of 100,000 cubic yards/year. However, 
based on an evaluation of USACE survey data discussed below, erosion along the eastern 2,000 
feet of the project between stations 10+00 and 30+00 progressed into the design template prior to 
each nourishment event. The erosion into the design template indicates the volume of material 
provided by the nourishment operations has not been sufficient to maintain the full protective 
value of the project in this area.  
 
Although it is outside the Federal shore protection 
project, the USACE has periodically deposited material 
on the east end of Ocean Isle Beach from maintenance of 
the Atlantic Intracoastal Waterway (AIWW) at the 
intersection of the AIWW with Shallotte Inlet. Although 
no definitive total volume has been provided by the 
USACE, an estimated 300,000 to 400,000 cubic yards of 
navigation maintenance material has been placed on the 
extreme east end of Ocean Isle Beach since 2001. All of 
this material has been deposited generally within the area 
fronting the development east of Shallotte Boulevard (i.e., 
outside the limits of the Federal project). The material 
removed from the AIWW has eroded quickly and has 
been generally ineffective in slowing the rate of erosion 
in the area east of Shallotte Boulevard. A summary of 
past nourishment activity is provided in Table 2.1.  
 
Table 2.1 - Shoreline Protection Project History on Ocean Isle Beach 

Project Start 
Date Volume Source Region 

 
(c.y.) 

  March, 2001 1,866,000 Shallotte Inlet Federal Project Domain 

December, 2006 449,400 Shallotte Inlet Federal Project Domain 

December, 2006 155,000 Shallotte Inlet East of the Federal Project 
April, 2010 509,200 Shallotte Inlet Federal Project Domain 
April 2014 800,000 Shallotte Inlet Federal Project Domain 

 
Even with the rather substantial beach nourishment efforts by the USACE and the Town, erosion 
along the east end of Ocean Isle Beach has continued to affect existing structures and 
infrastructure. Not only have the beach nourishment efforts failed to provide adequate and 
dependable protection against the chronic erosion and the damage caused by coastal storms, the 
Town and affected property owners have undertaken a concerted effort to lessen the erosion 
impact by installing sandbag revetments along approximately 1,400 feet of shoreline beginning 
at a point west of Shallotte Boulevard and extending to the east end of the development. Most of 
the sandbags were initially installed around 2005 and have been periodically repaired and 
replaced as the bag revetments fail under the continued landward retreat of the shoreline.  
 

Sandbags protecting a home 
along the eastern portion of 
Ocean Isle Beach, October 23, 
2013 
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Despite the completion of the initial construction of the Federal project in 2001, substantial 
beach nourishment and the installation of temporary sandbag revetments, the Town, the State, 
and private owners have been directly impacted by erosion at the east end of the Town. Damages 
that have been suffered include the following: 
 

a. Five (5) homes have been lost on the east end of Ocean Isle Beach since 2005, four (4) 
east of Shallotte Boulevard and one (1) just west of Shallotte Boulevard. 

b. Portions of the Town’s infrastructure were damaged including approximately 560 feet of 
E 2nd St. and the associated storm sewers, waterlines, and other utilities. The loss of this 
section of E 2nd St. occurred subsequent to the installation of sandbags along the entire 
threatened section of the road. 

c. The NCDOT has completely lost the east ends of 1st and 2nd Streets, as well as incurred 
additional costs in maintaining its infrastructure, including the installation of sandbags, 
repaving sections of damaged roads, and clean-up of damaged section of roads.  

 
According to data provided by the Town, they have spent about $3.7 million responding to 
erosion on the east end of the island since 2005. State costs are approximately $1 million. These 
efforts include the installation of sandbags, dune construction, replacement of public accesses, 
relocation of water and sewer lines, and beach fill. 
 
The NCDCM maintains a database of all active sandbag permits within the State. According to 
the NCDCM and the Ocean Isle Beach Planning and Inspections Department, sandbag 
revetments are currently protecting 57 dwellings/dwelling units along the east end of Ocean Isle 
Beach (Whiteside, pers. comm.). This includes units within two condominiums- the Sand 
Dwellers I and the Sand Dwellers II as well as single family residences on East 2nd Street and 
East 3rd Street. These structures are deemed to be imminently threatened, as defined by State 
Standard Rule 15A NCAC 7H .0308 (NCDCM, 2007a) (See Figure 2.1). The basic premise of 
this rule is that a structure in the Ocean Hazard Area is considered imminently threatened when 
its foundation is less than 20 ft from the toe of the erosion scarp. Figure 2.2 depicts the location 
of each residential structure on Ocean Isle Beach protected by sandbags. Based upon 2013 
assessments, the potential loss of these threatened structures would reduce the total tax base by 
$7,424,965 (Whiteside, pers. comm.) (Table 2.2). It should be noted that this valuation is 
reflective of numerous petitions by homeowners to the tax assessment office to re-evaluate their 
property taking into consideration the current state of high erosion (Smith, pers. comm.). These 
property values could be substantially higher once long term shoreline protection measures are 
implemented.  
 



DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 
 

20 

 
Figure 2.1 - Diagram Depicting Imminently Threatened Structures (NCDCM, 2003a) 
 

Figure 2.2 – Location of Homes Protected with Sandbags on the East End of Ocean Isle Beach  
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Table 2.2 - Analysis of Dwellings Protected by Sandbags on Ocean Isle Beach 
Property Address Tax Value (2013) 
442 East Second Street $208,330 
444 East Second Street $117,456 
445 East Second Street - Units 1-16 $1,824,000 
446 East Second Street $131,540 
447 East Second Street – Units 1-24 $2,704,320 
450 East Second Street $65,535 
458 East Second Street $14,150 
460 East Second Street $14,790 
462 East Third Street $410,240 
464 East Third Street $376,168 
466 East Third Street $170,960 
468 East Third Street $291,860 
469 East Third Street $444,816 
470 East Third Street $207,730 
474 East Third Street $205,740 
476 East Third Street $91,290 
478 East Third Street $57,700 
480 East Third Street $86,810 
484 East Third Street $1,530 
TOTAL VALUE $7,424,965 
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Chapter 3  PROJECT ALTERNATIVES 

 
1.  What alternatives are evaluated in this EIS? 
 
This section describes in detail the various alternatives evaluated for responding to the erosion 
threat along the eastern 2,500 feet (0.47 mi) of Ocean Isle. These alternatives include: 
 

 Alternative 1 – No Action (Continue Current Management Practices)  
 Alternative 2 – Abandon / Retreat 
 Alternative 3 – Beach Fill Only (Including Federal Project) 
 Alternative 4 – Shallotte Inlet Bar Channel Realignment with Beach Fill (Including 

Federal Project) 
 Alternative 5 - Terminal Groin with Beach Fill (Including Federal Project)/Preferred 

Alternative 
 

A description of each alternative is provided below detailing what the alternative entails, a 
summary of how it was formulated, and the economic cost for implementation. More details 
regarding the formulation of each alternative is provided in the Engineering Report (Appendix B). 
A summary of the economic impacts of the alternatives as well as their environmental 
consequences is provided in Chapter 5.  
 
The primary tools used to evaluate the effectiveness of the various alternatives in meeting the 
needs and objectives included: 
 

 Light Detection and Ranging (LiDAR) Surveys 
 USACE Beach Profile Surveys 
 Delft3D Model 
 Maximum Periodic Nourishment Volume Per Operation 

 
LiDAR Surveys. Shoreline changes along the Town of Ocean Isle Beach were evaluated using 
LiDAR data collected by USACE JALBTCX (Joint Airborne LiDAR Bathymetry Technical 
Center of Expertise), USGS (U.S. Geological Survey), NASA (National Aeronautics and Space 
Administration), and NOAA (National Oceanographic and Atmospheric Administration). LiDAR 
is an optical remote sensing technology that measures the ground elevation or seafloor at 
relatively high spatial resolutions. LiDAR data are better suited for surveying subaerial platforms 
since light penetration may be restricted by water clarity. For this analysis only elevations 
collected along the dry beach were evaluated. Twelve (12) sets of LiDAR data collected over a 
16-year period between 1996 and 2012 were used for the shoreline study.  
 
USACE Beach Profile Surveys. Beach profile surveys of Ocean Isle and the west end of Holden 
Beach obtained prior to and following the construction of the federal storm damage reduction 
project were used to compute volume losses and shoreline change rates.  
 
Delft3D Model. Delft3D was the primary modeling package used for evaluating this project. The 
model simulates flows, sediment transport, and bathymetric changes by using advanced sediment 
transport formulations that respond to forcing functions that include waves, tides, winds, and 
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density gradients. The model takes into account the movement of sediment along the bottom 
(bedload transport) as well as sediment transported in the water column (suspended transport). 
Details of the application of the Delft3D model are provided in Appendix C. 
 
Maximum Periodic Nourishment Volume Per Operation. In order to provide an equitable basis for 
comparing the relative cost of alternatives that would include periodic beach nourishment, a 
maximum volume of 408,000 cubic yards per nourishment operation was adopted. The 408,000 
cubic maximum volume is approximately equal to the volume of material placed on the Ocean 
Isle Beach federal storm damage reduction project every three years. By adopting this maximum 
volume, the periodic nourishment interval for some of the options differed from the 3-year 
nourishment cycle associated with the Federal project. While nourishment intervals greater than 
three years would probably not create any budgetary problems for the USACE, intervals less than 
three years would. This notwithstanding, the maximum nourishment volume of 408,000 cubic 
yards/operations was still applied. 
 
Alternative 1: No Action (Continue Current Management Practices)  
  
Description. Under Alternative 1, the Town of Ocean Isle Beach and individual property owners 
on the east end of Ocean Isle Beach would continue to respond to erosion threats in the same 
manner as in the past. These measures include possible intermittent beach nourishment as a 
result of the Federal storm damage reduction project, deployment of sandbags, and beach 
scraping. The NCDOT has also installed sandbags and conducted road repairs to maintain 
infrastructure within the project area. 
 
As mentioned in Chapter 1, a Federal storm damage reduction project was constructed along 
17,100 feet of the Town’s shoreline west of Shallotte Boulevard between March 10 and May 7, 
2001. Material for construction and periodic nourishment of the Federal project is being derived 
from a borrow area located in Shallotte Inlet as shown in Figure 1.3 in Chapter 1. The federal 
project includes beach profile monitoring along 27,000 feet of shoreline on Ocean Isle Beach and 
about 10,000 feet of shoreline on the west end of Holden Beach. Associated with the monitoring 
program are shoreline change thresholds which if exceeded would require the federal project to 
mitigate for the adverse shoreline changes that exceed the thresholds. To date (October 2014) the 
monitoring program has not detected any adverse shoreline changes on either Ocean Isle Beach 
or Holden Beach.  
 
Since initial construction, Ocean Isle Beach has been nourished three times. The first periodic 
nourishment operation was accomplished between December 2006 and January 2007 and 
involved both a Federal and a non-Federal component. The Federal component, which was 
completed in December 2006, placed 449,400 cubic yards of material between stations 10+00 
and 72+00, while the non-Federal component, completed in January 2007, placed 155,000 cubic 
yards between stations -3+00 and 17+00. The portion of the fill placed between stations 10+00 
and -3+00, was estimated to be 115,000 cubic yards, and was outside the authorized limits of the 
Federal project and represented an attempt by the Town to address the chronic erosion with 
beach nourishment alone. 
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The second periodic nourishment operation occurred between April and May 2010 and involved 
the placement of 509,200 cubic yards of material with federal funds. The western 6,000 feet of 
the Federal project continues to perform very well and has not required periodic nourishment 
since construction in 2001. The Town did not attempt to place any additional fill east of station 
10+00 during the 2010 operation due to poor performance of the fill placed east of station 10+00 
in January 2007. As mentioned above, the Town placed 155,000 cubic yards of fill between 
baseline stations -3+00 and 17+00 in January 2007 and, as documented by beach profile surveys, 
essentially all of this material was lost by September 2007. This supplemental fill cost the Town 
$720,000 (including the cost of permitting). As a result, the Town determined continued 
nourishment of this portion of its shoreline was not an economical erosion response measure.  
 
The third periodic nourishment operation for the Ocean Isle Beach storm damage reduction 
project was completed in April 2014 with the placement of approximately 800,000 cubic yards 
of material. The average amount of fill placed on Ocean Isle Beach to maintain the Federal 
project has been around 408,000 cubic yards every three years. The average distribution of the 
408,000 cubic yards of material every three years along Ocean Isle Beach has been as follows: 
 

Station 10+00 to 30+00  174,000 cubic yards 
Station 30+00 to 60+00 177,000 cubic yards 
Station 60+00 to 90+00  42,000 cubic yards 
Station 90+00 to 120+00  15,000 cubic yards 

 
The storm damage reduction project has performed well west of station 120+00 and has not 
required any nourishment since initial construction.  
 
In addition to the Federal storm damage reduction project, the USACE has periodically deposited 
material on the east end of Ocean Isle Beach from maintenance of the Atlantic Intracoastal 
Waterway (AIWW) at the intersection with Shallotte Inlet. An estimated 300,000 to 400,000 
cubic yards of navigation maintenance material has been placed on the east end of Ocean Isle 
Beach since 2001. All of this material has been deposited generally within the area fronting the 
development east of Shallotte Boulevard (i.e., outside the limits of the Federal project). This 
material has eroded quickly and has been generally ineffective in slowing the rate of erosion in 
the area east of Shallotte Boulevard.  

Additional erosion response measures undertaken by the Town on the east end include placement 
of a sandbag revetment along 1,400 feet of shoreline, beginning at a point west of Shallotte 
Boulevard and extending east to the end of development. This revetment was installed around 
2005. The sandbag revetment has recently been extended 400 feet to the west or just past 
Charlotte Street. Some of the recent sandbag placement was accomplished by NCDOT in an 
attempt to protect the eastern end of 2nd Street. The damage to the Town of Ocean Isle Beach has 
suffered since 2004 as a result of erosion on the east end along with the cost of erosion response 
measures are summarized in Table 3.1. 

Individual property owners on the east end of Ocean Isle Beach have continued to experience 
damage despite erosion response measures undertaken by the Town and NC DOT. Since 2005, 
five (5) homes have been lost, and between 20 and 25 parcels have become unbuildable due to 
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the inability to meet building setback requirements as dictated by the rules established by the NC 
Coastal Resources Commission (CRC). The estimated appraised value of the lost homes and 
parcels since 2005 totals approximately $1.6 million. 
 
Table 3.1. Erosion damages and the cost of erosion response measures on the east end of 
Ocean Isle Beach since 2004. 

Damages and Response Measures Estimated Cost 
Sandbags, demolition, clean-up, sand fences, public accesses, grassing $1,025,800 
Permits for beach fill, sandbags, fill dirt, & sewer line relocation $720,000 
Dune construction in 2007 $37,800 
Repair beach accesses at Columbia, Shallotte, and Charlotte St. - 2007 $34,800 
130 feet sandbags Shallotte Blvd. - 2008 $59,200 
Beach fill on east end – January 2007 $721,600 
Loss of 3011 feet sewer line and 10 manholes $452,000 
Relocate waterline and fire hydrant $35,000 
Loss of 3,000 feet of paved roads $1,800,000 
400-foot sandbag extension - 2012 $200,000 
TOTAL $5,086,200 

There are 238 parcels east of station 15+00 (located just west of Shallotte Boulevard); 45 of 
which have homes. All of the parcels and homes are vulnerable to erosion damage over the next 
30 years should the past erosion trends continue. In addition, over 1,800 feet of roads and 
associated utilities could also be damaged or lost over this 30-year timeframe. Of the 45 homes 
at risk, 18 are considered to be located on the oceanfront row, 12 on the second row, and the 
remaining 15 farther back on the 3rd and 4th rows.  

While Alternative 1 includes the future installation of sandbags to protect threatened structures 
and infrastructure, past experience has shown sandbags can only delay the shoreline retreat rather 
than permanently halt it. A good example of the extent to which sandbag structures have affected 
shoreline changes occurred between 2005 and 2008. In 2005, a sandbag revetment protected 
approximately four (4) homes east of Shallotte Boulevard. By 2008, the sandbag revetment had 
failed and the shoreline made an almost instantaneous correction by jumping back to a position it 
would have occupied had the sandbags never been installed (Appendix B). This instantaneous 
“shoreline correction” resulted in the loss of four (4) homes immediately east of Shallotte 
Boulevard. This type of shoreline/sandbag behavior is expected to continue (i.e., when homes or 
infrastructure become threatened, sandbags will be installed); however, within about 3 to 5 years 
following their installation, the sandbags will likely fail and the new shoreline will be established 
landward of the sandbags in a position it would have occupied had the bags never been in place. 

The evaluation of the economic consequences for Alternative 1, which is discussed in detail in 
the Engineering Appendix (Appendix B), assumed the shoreline would move landward in 5-year 
increments with sandbags being installed every 5 years to delay the retreat of the shoreline. At 
the end of each 5-year increment, the sandbag revetments were assumed to fail and the shoreline 
would move to a new position based on the historic shoreline change rate that would have 
occurred in the absence of the sandbags. Future shoreline (scarp) positions over the next 30-
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years, assuming past erosion trends and past erosion response measures continue, are shown in 
Figure 3.1. The shoreline (scarp) positions are shown in 5-year increments.  

 
Figure 3.1. Future Scarp Line Positions under Alternative 1 - Current Management Practices.  

Under Alternative 1, when homes become threatened, the individual property owners would need 
to either abandon the structure or move it to another location on Ocean Isle Beach, if possible. 
These are individual decisions and cannot be predicted with any degree of certainty. Also, should 
a property owner decide to move the structure, owners of vacant lots on Ocean Isle would have 
to be willing to sell. Again, this is something that cannot be determined. 

Based on actual experience since 2001, two (2) homes have been relocated while four (4) 
threatened homes were demolished. This ratio of one-third relocated to two-thirds demolished 
was used in the assessment of the economic impact associated with Alternative 1. The direct cost 
to demolish a structure was computed as $15/square foot while relocation costs were computed 
at $50/square foot plus $50,000 for new foundation piles, utilities, driveways, permits, etc.  
Installation of temporary sandbag revetments would cost $500/linear foot. 

The dollar value of damages to roads and associated utilities were based on replacement costs 
even though replacement would not be an option once erosion has overtaken the road. A 
summary of the implementation cost for Alternative 1 is provided below with more details given 
in Chapter 5.   
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30-Year Cost – Alternative 1. Under Alternative 1, a total of 45 houses would be impacted by 
erosion trends within the next 30 years. The economic impact of the damage was calculated at 
approximately $3.18 million for the cost of relocating or demolishing threatened structures, 
$2.89 million for the value of structures that would be demolished, and $21.39 million for the 
loss of approximately 238 parcels. The value of homes that were assumed to be moved to 
another lot totaled about $1.30 million. The relocated homes were assumed to maintain their tax 
value, however the lots on which they were located would eventually be lost to erosion. In 
addition, damages to roads and utilities would total $2.09 million with the cost of installing 
temporary sandbag revetments equal to $5.40 million. The damages and erosion response costs 
over the next 30 years would total approximately $35.15 million. Approximately 32% of the total 
damages would occur within the first ten years of the 30-year planning period. 
 
The Town of Ocean Isle Beach will continue to participate in the Federal storm damage 
reduction project under Alternative 1. Assuming each three-year periodic nourishment operation 
provides an average of 408,000 cubic yards of material, the cost for future periodic nourishment 
would be around $6,644,000. Based on the existing Project Cooperation Agreement with the 
Federal Government, the Federal share of the cost for each periodic nourishment operation 
would be 65% or $4,320,000 with the non-Federal share equal to $2,324,000 or 35%. Over the 
30-year planning period, the total cost for periodic nourishment of the Federal project would be 
$66.44 million with the Federal government share equal to $43.19 million and the non-Federal 
share equal to $23.25 million. 
 
The cost for periodic nourishment of the Federal project is included in the 30-year costs for 
Alternative 1 due to the impact of some of the other alternatives on future nourishment cost. 
Thus, the total economic cost for Alternative 1 over the 30-year planning period, including the 
cost for periodic nourishment of the Federal storm damage reduction project, is $101.49 million. 
 
Equivalent Average Annual Cost – Alternative 1. A comparison of the equivalent average annual 
costs for all of the alternatives evaluated is provided in Table 3.12 at the end of this Chapter. The 
equivalent average annual costs were computed over the 30-year planning period using a 
discount rate of 4.125%. The equivalent average annual cost is a convenient means of comparing 
costs of various actions associated with each management alternative that would be implemented 
at different times during the analysis period. One way to interpret the equivalent average annual 
cost is to consider the amount of money one would have to invest each year at a given interest 
rate in order to pay for the estimated 30-year cost of the alternative. 
 
The equivalent average annual cost for Alternative 1 is $3,174,000.  
 
Alternative 2: Abandon/Retreat 
 
Description. For Alternative 2, the Town of Ocean Isle Beach, NCDOT, and the individual 
property owners would not take any action to slow erosion in the area east of Shallotte Boulevard 
to Shallotte Inlet. This includes installation of new sandbags, beach scraping/bulldozing, or 
intermittent beach nourishment projects described above in Alternative 1. Also, the Town of 
Ocean Isle Beach would not make any effort to pursue a long-term beach nourishment project or 
inlet channel relocation project aimed at addressing the east end erosion problem. Periodic 
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nourishment of the federal storm damage reduction project would continue with an average of 
408,000 cubic yards of material being placed on Ocean Isle Beach between baseline stations 
10+00 (Shallotte Boulevard) and 120+00. Periodic nourishment would also occur between 
baseline stations 120+00 and 181+00 (west end of the federal project) on an as needed basis.  
 
Once the existing temporary sandbag revetments on the east end of the island fail or have to be 
removed upon reaching the end of their permit period, the affected structures would either be 
abandoned (demolished) or moved to another lot on the island. The shoreline retreat scenario for 
Alternative 2 assumed the existing 1,800-foot sandbag revetment on the east end of the island 
would fail and the shoreline would move to a position it would have occupied in 2015 had the 
sandbags not been present. Following the failure of the sandbag revetment, the shoreline would 
migrate at historic rates, measured for each profile on the east end of the island (Appendix B) for 
at least the next 30 years.   
 
Under this scenario, potential damages would begin in the Year 2015 and would continue 
uniformly until the Year 2045. Future damages were based on the scarp migration rates provided 
in Table 4.1 of Appendix B with damages to homes and parcels determined on yearly basis 
rather than every 5 years as was the case for Alternative 1. Homes would be impacted once the 
scarp line reaches the front of the structure and parcel values would decrease to zero whenever 
one-half of the parcel is lost. Given this shoreline retreat scenario, the same homes and 
infrastructure damaged under Alternative 1 (Figure 3.1) would also be damaged under 
Alternative 2. The main difference in the economic impact would be the timing as to when 
individual homes and infrastructure would be damaged or lost. Again, under Alternative 2, losses 
would occur in every year throughout the 30-year analysis period rather than in 5-year 
increments as under Alternative 1 and sandbag revetments would not be used to provide 
temporary erosion protection. 
 
30-Year Cost – Alternative 2. The total cost of damages and erosion response measures over the 
30-year planning period would be $29.55 million which is $5.40 million less than Alternative 1 
due to eliminating the use of sandbags. As is the case for Alternative 1, the total 30-year cost 
under Alternative 2 includes the cost for continued nourishment of the federal storm damage 
reduction project over the next 30 years. Adding beach nourishment cost to the projected 
damages results in a total 30-year cost of $95.99 million for Alternative 2.  
 
 Equivalent Average Annual Cost – Alternative 2. The equivalent average annual cost for 
Alternative 2 is $3,084,000.  
 
Alternative 3: Beach Fill Only (Including Federal Project) 
 
Description. Under Alternative 3, a private (non-Federal) beach nourishment activity would 
occur every two years over a 3,500 foot section of Ocean Isle Beach’s oceanfront shoreline. The 
3,500-foot section proposed for nourishment would occur on the east end of Ocean Isle Beach 
situated between baseline station -5+00 (500 feet east of the end of development) and station 
30+00 (located just west of Lumberton Street). This particular area is highly influenced by 
littoral process in and around Shallotte Inlet as discussed in Chapter 1. The beach fill only 
alternative overlaps 2,000 feet of the Federal project (i.e., between stations 10+00 and 30+00). 
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The beach fill would cover more than the 2,500 feet of shoreline in the project area in order to 
allow for a gradual merger of the beach fill with the existing Federal storm damage reduction 
project. A schematic of the beach fill for Alternative 3 is provided in Figure 3.2. Note that the 
beach fill placed under Alternative 3 would be in addition to the fill normally placed during 
periodic nourishment operations for the Federal storm damage reduction project. 
 

Figure 3.2. Beach Fill Only to include Federal Project – Alternative 3.  
 
Details of the formulation of the beach fill only alternative are provided in Appendix C. Based on 
a Delft3D model assessment of beach fill performance on the east end of Ocean Isle Beach, 
volumetric losses from a beach fill placed east of baseline station 30+00 would be expected to 
erode at a rate of 140,000 cubic yards/year. Of this total, 58,000 cubic yards/year is attributable to 
the Federal project and the balance of 82,000 cubic yards/year associated with the performance of 
the beach fill under Alternative 3. For the shoreline segment situated between baseline stations 
30+00 and 120+00, the model assessment for Alternative 3 did not indicate any change from 
existing conditions. Volume losses from the area west of station 30+00 have averaged 78,000 
cubic yards/year. Thus, if Alternative 3 is implemented, the total periodic nourishment 
requirement for the area extending from station -5+00 to station 120+00, which includes both the 
federal project and the local beach fill project, would average 218,000 cubic yards/year. Providing 
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the additional nourishment attributed to the Alternative 3 fill, which is estimated to be 82,000 
cubic yards/year, would be a non-federal responsibility. 
 
The assessment of all the alternatives that involve beach nourishment assumed the maximum 
volume of material that would be placed on Ocean Isle Beach during any one periodic 
nourishment operation would be limited to a maximum volume of approximately 408,000 cubic 
yards. This is the same as the average volume placed on Ocean Isle Beach every three years to 
maintain the federal storm damage reduction project. The establishment of this 408,000 cubic 
maximum per nourishment operation provides an equitable way to compare the impacts and cost 
of each alternative. 
 
A two-year nourishment cycle may not be practicable given the existing three-year nourishment 
cycle established for the federal project. In this regard, the federal budgetary process normally 
involves estimates of future funding requirements two years in advance of the fiscal year funds 
are being requested. Also, the economic justification for the federal project was based on the three 
year cycle. Decreasing the nourishment interval to two years would increase the cost of the 
federal project as this would impose additional mobilization and demobilization cost compared to 
the three-year cycle. Modification of the nourishment cycle would require a reassessment of the 
benefits and costs of the federal project.  
 
With the estimated periodic nourishment requirement for Alternative 3 equal to 218,000 cubic 
yards/year and an assumed 408,000 cubic yards maximum per nourishment operation, 
nourishment of Ocean Isle Beach under Alternative 3 would be needed every 1.9 years. However, 
a more practical periodic nourishment interval of 2 years was adopted for Alternative 3 by 
relaxing the 408,000 cubic yard maximum slightly. Using this adjustment, periodic nourishment 
of Ocean Isle Beach under Alternative 3 would involve the placement of 436,000 cubic yards 
between stations -5+00 and 120+00 every 2 years. 
 
The initial design for the Alternative 3 beach fill included an average beach width of 30 feet 
between baseline stations -5+00 and 30+00 with 500-foot transitions or taper sections on each end 
of the fill. Construction of the 30-foot wide beach fill would require 107,000 cubic yards. With 
periodic nourishment planned every two years, an advanced nourishment volume of 280,000 
cubic yards would also be placed within these fill limits resulting in a total initial fill volume for 
Alternative 3 of 387,000 cubic yards. Note that this volume of fill would be in addition to the fill 
normally placed in this area to maintain the Federal storm damage reduction project. 
 
The width of the design beach fill and the density of fill placement between each baseline station 
on the east end of Ocean Isle Beach for Alternative 3 are listed in Table 3.2. 
 
Table 3.2. Design beach fill widths and fill densities for Alternative 3 – Beach Fill Only 

Baseline Stations Type of Fill Design Fill Width (ft) Fill Density (cy/lf) 
-10+00 to -5+00 Transition 0 to 76 0 to 85 
-5+00 to 0+00 Main Fill 76 to 151 85 to 170 
0+00 to 5+00 Main Fill 151 to 133 170 to 150 
5+00 to 10+00 Main Fill 133 to 107 150 to 120 

10+00 to 15+00 Main Fill 107 to 89 120 to 100 
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15+00 to 20+00 Main Fill 89 to 66 100 to 75 
20+00 to 25+00 Main Fill 66 to 44 75 to 50 
25+00 to 30+00 Main Fill 44 to 21 50 to 24 
30+00 to 35+00 Transition 21 to 0 24 to 0 

 
30-Year Cost – Alternative 3. The erosion damage that could occur to existing development on 
the east end of Ocean Isle Beach was assumed to be prevented under Alternative 3. The initial 
placement of 387,000 cubic yards east of baseline station 30+00 to construct the beach for 
Alternative 3 was assumed to take place during a normal periodic nourishment cycle for the 
Federal project. Based on this assumption, and the actual experience of placing the additional fill 
on the east end during the 2006-07 nourishment operation, the cost for the 387,000 cubic yards 
of material was based on the dredging cost (i.e., there would not be any additional mobilization 
and demobilization costs for the added fill).  
 
The economic costs for Alternative 3 would be associated with providing the necessary volume 
of material to offset these future erosion threats. The total 30-year cost for Alternative 3, which 
includes continued nourishment of the Federal storm damage reduction project, is estimated to be 
$115.50 million.  
 
The Federal government would presumably continue to provide its share of the cost for periodic 
nourishment of the Federal project but would not participate in the additional nourishment costs 
associated with Alternative 3. Therefore, the Federal share of the 30-year project costs under 
Alternative 3 would be equal to that of Alternatives 1 and 2 ($43.19 million with the balance of 
$72.31 million the responsibility of non-Federal interests). Under this assumed cost sharing 
arrangement, the Federal share of future periodic nourishment costs along Ocean Isle Beach 
under Alternative 3 would be about 37.4% (=$43.19/$115.50) with the non-Federal share equal 
to 62.6%.  
 
Equivalent Average Annual Cost – Alternative 3. The equivalent average annual cost for 
Alternative 3 is $3,866,000. 
 
Alternative 4: Shallotte Inlet Bar Channel Realignment with Beach Fill (Including Federal 
Project) 
 
Introduction. Under Alternative 4, the Federal project dredging scheme employed by the USACE 
would be modified to concentrate sediment removal for periodic nourishment along a channel 
close, and generally parallel, to the west boundary of the USACE borrow area in Shallotte Inlet. 
As with Alternative 3, beach nourishment would occur on a three-year cycle according to the 
Federal storm damage reduction plan. The plan formulation for the Federal storm damage 
reduction project included an assessment of the impacts the orientation and position of the main 
channel crossing the ocean bar of Shallotte Inlet had on the east end of Ocean Isle Beach. The 
USACE concluded that when the channel was positioned approximately midway between the 
west end of Holden Beach and the east end of Ocean Isle Beach and oriented generally 
perpendicular to the adjacent shorelines, the east end of Ocean Isle Beach had a tendency to 
accrete. This condition was noted in historical aerial photographs of the inlet between 1954 and 
1965 (Appendix B).  
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Based on this assessment, the USACE incorporated channel realignment as an integral part of the 
Federal project and included a deeper-wider channel through Shallotte Inlet as a borrow source 
for initial construction and periodic beach nourishment. Between March and May 2001, the 
USACE removed 1,866,000 cubic yards from Shallotte Inlet to construct the Federal storm 
damage reduction project along 17,100 feet of shoreline beginning at Shallotte Boulevard and 
extending west to a point approximately 3,700 feet west of the Ocean Isle Beach Pier & Arcade.   
 
As discussed in Appendix B, the relatively wide expanse of the borrow area shown in the after 
dredging survey on Figure 4.4 in Appendix B, did not concentrate flow in any one channel across 
the ocean bar. The result was rapid shoaling of the borrow area primarily from the west side 
which concentrated ebb flow, and hence the main ebb channel, on the east side of the inlet just off 
the west end of Holden Beach. During the subsequent periodic nourishment operations completed 
to date, the borrow area was selectively dredged to obtain the volume on material needed for the 
storm damage reduction project. Since the dredging operations did not attempt to remove material 
from a preferred channel alignment, the main flow channel of Shallotte Inlet continued to 
concentrate more toward the east side of the inlet.  
 
If an inlet channel is relocated for the purpose of effecting shoreline changes on either side of the 
inlet, the channel must be maintained in the preferred position and alignment. Since this has not 
been the case, Alternative 4 would modify the dredging scheme employed by the USACE to 
concentrate sediment removal for periodic nourishment along a channel close to and generally 
parallel to the west boundary of the USACE borrow area. The dredge cut would also extend 
across the ocean bar and merge with the existing -17.9 foot NAVD depth contour in the ocean in 
order to encourage flow to move through the dredged cut rather than through the existing 
channel next to the west end of Holden Beach. By continuing to use the same cut area for each 
nourishment operation, the borrow area should eventually become the dominant flow path for 
waters exiting through the inlet. Over time, the inlet should respond to the new “permanent” 
channel position and alignment with a wholesale shift in the ebb tide delta to the west resulting 
in the accumulation of sediment on the west side of the ebb tide delta. As a result of the 
reconfiguration of the ebb tide delta, the shoreline on the east end of Ocean Isle Beach should 
respond in much the same manner as was observed between 1954 and 1965 during which time 
the east end of the island accreted. 
 
Beach Fill Design and Periodic Nourishment Requirements for Alternative 4. The initial 
beach fill for Alternative 4 would be the same as that described for Alternative 3 which would 
involve the placement of 387,000 cubic yards between baseline stations -5+00 and 30+00. 
Again, the 387,000 cubic yard beach fill would be in addition to the volume of material normally 
placed on Ocean Isle Beach during periodic nourishment of the Federal project. Periodic 
nourishment would also be the same as Alternative 3 until such time the repeated removal of 
material from the west side of the borrow area captures the majority of flow through the inlet and 
the inlet ebb tide delta to assume a configuration comparable to that which existed between 1954 
and 1965.    
 
The time required for the modified borrow area dredging scheme to effect positive shoreline 
responses on the east end of Ocean Isle Beach cannot be predicted with a high degree of certainty. 



DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 

  33 

Based on the historic behavior of Shallotte Inlet, the bar channel migrated to an alignment next to 
the west end of Holden Beach between 1965 and 1972 and maintained that position for 45 to 50 
years until the channel was moved by the USACE in 2001. Refer to Appendix B for a full 
discussion of the channel relocation alternative including the dredging associated with the Federal 
project. While reconfiguration of the inlet and ebb tide delta may not take a comparable amount of 
time, a conservative estimate of the timeframe for the full recovery of the east end of Ocean Isle 
Beach in response to the re-aligned channel was assumed to be about 20 years based on the past 
behavior of Shallotte Inlet as documented by historical aerial photographs.  
 
During this recovery period, volume losses from the fill placed on the extreme east end of Ocean 
Isle Beach (stations 0+00 to 30+00) would be comparable to the volume losses estimated for 
Alternative 3 for at least two periodic nourishment cycles or about 4 years. From year 4 to year 
20 following implementation of the new borrow area dredging scheme, the reconfiguration of the 
ebb tide delta of Shallotte Inlet should begin to have a positive impact on the east end of the 
island. This would result in a gradual reduction in the periodic nourishment requirements on the 
east end of Ocean Isle Beach. 
 
Based on this assumed timeline for reconfiguration of the ebb tide delta of Shallotte Inlet and the 
associated impacts on the east end of Ocean Isle Beach and the west end of Holden Beach, 
periodic nourishment requirements would vary as shown in columns 2 and 3 in Table 3.3. Given 
this gradual reduction in periodic nourishment requirements, the interval between nourishment 
operations (column 4 in Table 3.3) could be increased to 4 years after year 14 and then every 5 
years beginning in year 23. The volume that would be placed during each nourishment operation 
is shown in column 5 in Table 3.3. Note the 408,000 cubic yard maximum per nourishment 
operation was relaxed slightly for years 2, 4, and 18 in order avoid nourishment intervals with 
fractional years. 
 
Table 3.3. Periodic nourishment volumes under Alternative 4. 

 
Project Year 

Nourishment Volumes (CY) For: Nourishment Operations(1) 

OIB Fed Proj. 
OI 30 to OI 120 

East End OIB – OI 
-5 to OI 30 

Periodic 
Nourishment Year 

Total 

2 156,000 280,000 2 436,000 
4 156,000 280,000 4 436,000 
6 156,000 245,000 6 401,000 
8 156,000 210,000 8 366,000 

10 156,000 175,000 10 331,000 
12 156,000 140,000 12 296,000 
14 156,000 105,000 14 261,000 
16 156,000 70,000   
18 312,000 35,000 18 417,000 
20 156,000 0   
22 156,000 0 23 390,000 
24 156,000 0   
26 156,000 0   
28 156,000 0 28 390,000 

 (1)Nourishment operations generally limited to maximum fill volume of 408,000 cubic yards except for years 2, 
4, and 18.   
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30-Year Cost – Alternative 4. Over the 30-year planning period, providing the periodic 
nourishment volumes along Ocean Isle Beach would cost a total of $62.13 million. The Federal 
government should continue to participate in periodic nourishment of the federal storm damage 
reduction project, contributing 65% of the cost for providing beach fill within the authorized 
Federal limits. Based on the projected decrease in periodic nourishment of the federal storm 
damage reduction project as presented in Table 3.4, the Federal share over the 30-year planning 
period would be $30.98 (49.9%) million leaving a balance of $31.14 (50.1%) million for non-
Federal interests.  
 
Equivalent Average Annual Cost – Alternative 4. The equivalent average annual cost for 
Alternative 4 is $2,500,000. 
 
Alternative 5: Terminal Groin with Beach Fill (Including Federal Project)/Applicant’s 
Preferred Alternative 
 
Introduction. Under Alternative 5, the applicant’s preferred alternative, a 750 feet terminal groin 
with beach fill would be constructed 148 feet east of baseline station 0+00. This structure is 
intended to provide shoreline stabilization and would serve to reduce the erosion rate further 
west thereby reducing the nourishment interval of the Federal project from every 3 years to every 
5 years. Dredged material would be obtained from Shallotte Inlet within the limits of the borrow 
area used for the Federal project. The initial fillet construction would be completed and 
maintained by the Town of Ocean Isle Beach. The purpose of a terminal groin on the east end of 
Ocean Isle Beach would be to create a permanent accretion fillet west of the structure. This 
would be accomplished by controlling tide induced or influenced sediment transport off the 
extreme east end of the island. The resulting position and alignment of the shoreline within the 
accretion fillet would mimic that of the shoreline immediately to the west. The elimination or 
reduction in tide induced sediment transport off the extreme east end of the island should 
improve the performance and longevity of beach fill placed east of Shallotte Boulevard as well 
as the performance of a portion of the federal storm damage reduction project that extends west 
of Shallotte Boulevard. Since wave induced sediment transport (i.e., littoral sand transport) 
would still be in play, erosion will continue to be a management issue for the shorelines lying 
outside the direct influence of the terminal groin. 
 
The design objective for the terminal groin alternative was to minimize the combined cost 
associated with construction and maintenance of the terminal groin and nourishment of the Ocean 
Isle Beach west to USACE baseline station 120+00. This optimization process involved the 
evaluation of three (3) terminal groins that would project 250 feet, 500 feet, and 750 feet seaward 
of the 2007 mean high water shoreline, hence, the terminal groin options in this document are 
referred to as the 250-foot, 500-foot, and 750-foot options. Schematics of the three (3) terminal 
groin options are shown in Figures 3.3a to 3.3c. 
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Figure 3.3a. Schematic 250-foot terminal groin. 
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Figure 3.3b. Schematic 500-foot terminal groin. 
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Figure 3.3c. Schematic 750-foot terminal groin. 
 
The tool used to assess the impacts of the proposed terminal groins was the Delft3D model, a 
description of which is provided in Appendix C. The Delft3D model was calibrated and verified 
using 2007 conditions in Shallotte Inlet and along the adjacent shorelines, hence the use of the 
2007 mean high water line as a reference. The simulation of the terminal groin options also used 
the 2007 initial conditions as a starting point with the only difference in the model setup between 
Alternative 1 and the three (3) terminal groin options were the terminal groins and the associated 
beach fills to pre-fill the area immediately west of the structures. That is, the inlet hydrography 
and offshore hydrography as well as the model forcing functions (waves, tides, winds, etc.) were 
all the same in each of the model simulations. Therefore, differences in the response of the model 
relative to Alternative 1 could be attributed to the structures and their accompanying beach fill.  
 
Following the selection of a terminal groin option, the Delft3D model was rerun using 2013 
conditions of Shallotte Inlet and the adjacent shorelines to verify the anticipated impacts of the 
structure under up-to-date conditions. The modeled performance of the selected terminal groin 
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option under these conditions is discussed in detail in Appendix C and summarized later in this 
Chapter. 
 
The structures were positioned 148 feet east of baseline station 0+00 and each were tied to the 
upland with a 300-foot long shore anchorage section extending landward of the 2007 mean high 
water shoreline. As shown in Appendix B, the landward end of the shore anchorage section would 
be well landward of the historic shoreline positions in this area. The shore anchorage section of 
each terminal groin option would be constructed with sheet piles (either steel or concrete) while 
the seaward portions would be constructed using stones. The stone or rubblemound portion of the 
structures would have a crest elevation of +4.9 feet NAVD to allow sediment to pass over the top 
of the structures during periods of high tide. The stone structures would also be constructed with 
relatively large voids between the stones to facilitate sediment movement through the structures. 
Preliminary design details for the terminal groin options are provided in Appendix B with details 
of the selected terminal groin option provided later in this section. 
 
The beach fill needed to pre-fill the area west of the structures, generally referred to as the 
accretion fillet, varied due to the different seaward projection of the structures. This fillet would 
most likely be filled in conjunction with the Federal Project. Characteristics of the beach fills for 
the three (3) terminal groin options are provided in Table 3.4. 
 
Table 3.4. Fillet beach fills for the three terminal groin options 

Terminal Groin 
Option 

Fill Length 
(ft.)(1) 

Fill Volume (cy)(2) 

250-ft 1,693 87,000 
500-ft 2,194 185,000 
750-ft 3,214 264,000 

  (1)Measured west of terminal groin 
  (2)Volume needed to pre-fill the accretion fillet 
 
Summary of Model Results. The evaluation of the model results for the terminal groin options 
focused on changes in volumetric erosion rates on the east end of Ocean Isle Beach and the 
potential changes along the sand spit lying east of the terminal groins. The model was also used to 
assess potential changes in shoreline behavior on the west end of Holden Beach that could be 
associated with the installation of a terminal groin on the east end of Ocean Isle Beach. All of the 
model simulations, including that for Alternative 1, resulted in significant accretion seaward of 
the -6-foot depth contour off the east end of Ocean Isle Beach due to the bar channel of Shallotte 
Inlet assuming a southwesterly orientation. Since this response was not related to the terminal 
groins, the evaluation of the model results for the terminal groin options focused on model 
indicated volume changes landward of the -6-foot NAVD contour for both the terminal groin 
options and Alternative 1.  
 
In general, the model results above the -6-foot depth contour were the same west of station 30+00 
on Ocean Isle Beach indicating none of the terminal groin options would impact volume changes 
between stations 30+00 and 120+00. On the Holden Beach side of Shallotte Inlet, the model 
indicated volume changes above the -6-foot NAVD depth contour along the western 4,000 feet of 
the island were virtually the same for Alternative 1 and the three terminal groin options evaluated.  
For example, the model indicated volume change above the -6-foot NAVD depth contour along 
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the western 4,000 feet of Holden Beach was a loss of 11,000 cubic yards/year for Alternative 1.  
For the three terminal groin options, the model volume changes over this same area above the -6-
foot NAVD depth contour were -11,000 cubic yards/year, -10,000 cubic yards/year, and -12,000 
cubic yards/year for the 250-foot, 500-foot, and 750-foot terminal groins, respectively. The slight 
difference in the model indicated results are well within the accuracy of the model, therefore, the 
model results reflect no difference in the response on the west end of Holden Beach compared to 
Alternative 1.     
 
Model indicated volume changes out to the -18-foot NAVD depth contour in this same area of 
Holden Beach were of the same order of magnitude for Alternative 1 and the three terminal groin 
options. For Alternative 1, the model volume change out to the -18-foot NAVD depth contour was 
-46,000 cubic yards/year while the model indicated volume changes for the 250-foot, 500-foot, 
and 750-foot terminal groins were -51,000 cubic yards/year, -58,000 cubic yards/year, and -
62,000 cubic yards/year, respectively.   Again, given the inherent accuracy of the numerical 
model, the differences in the model results are not significant.  
 
For the 250-foot structure, the model indicated a relatively stable beach would be created for a 
distance of about 700 feet west of the structure with some significant reduction in volumetric 
erosion rates over an additional 1,000 feet. For the 500-foot terminal groin, the model indicated a 
stable beach west to station 15+00 with some significant reduction in volume losses from stations 
15+00 to 30+00 relative to Alternative 1. Similarly, the 750-foot terminal groin would essentially 
stabilize the shoreline west to station 20+00 and significantly reduce volume losses west to station 
30+00. 
 
The model results of volume changes above the -6-foot NAVD depth contour measured between 
the terminal groins and station 30+00 indicate the volumetric erosion rates and hence the 
periodic nourishment requirements in this area would be reduced by 29.2% for the 250-foot 
terminal groin and by 75.0% and 95.8% for the 500-foot and 750-foot terminal groins, 
respectively (Section 4 in Appendix B).  Applying these reduced nourishment requirements for 
the beach segment between the terminal groin and station 30+00, which in the past has averaged 
174,000 cubic yards every three years, results in the total three-year nourishment requirement for 
each terminal groin option given in Table 3.5. Note the three-year nourishment requirements for 
the portion of the Federal project west of station 30+00 given in Table 3.5 are the same as under 
existing conditions. 
 
Table 3.5. Estimated three-year nourishment requirement for terminal groin options 

Terminal 
Groin 
Option 

Three-year nourishment requirement between stations:  
Total 3-yr 

nourishment  
Groin to 

30+00 
30+00 to 

60+00 
60+00 to 

90+00 
90+00 to 
120+00 

250-foot 123,000 177,000 42,000 15,000 357,000 
500-foot 45,000 177,000 42,000 15,000 279,000 
750-foot 6,000 177,000 42,000 15,000 240,000 

 
The reduction in periodic nourishment requirements, particularly for the 500-foot and 750-foot 
terminal groin options, provides an opportunity to increase the time interval between 
nourishment operations. Since the past, nourishment operations have placed an average of 
408,000 cubic yards on Ocean Isle Beach every three years, the target volume for nourishment 
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operation for the three (3) terminal groin options was set to be equal to or less than 408,000 
cubic yards per operation. For the 250-foot terminal groin, increasing the nourishment interval to 
4 years would require a volume of 476,000 cubic yards. Since this exceeds the target volume of 
408,000 cubic yards/operation, the nourishment interval for the 250-foot terminal groin would 
remain at 3 years. For the 500-foot terminal groin, the nourishment interval could be increased to 
4 years which would require 372,000 cubic yards of nourishment per operation, which is less 
than the target volume of 408,000 cubic yards. Similarly, the nourishment interval for the 750-
foot terminal groin could be increased to 5 years which would require 400,000 cubic yards per 
operation. 
 
The selected nourishment interval and nourishment volume for each terminal groin option is 
summarized as follows: 
 
Terminal Groin Option (ft) Nourishment Interval (yr) Nourishment Volume (cy) 
250  3 357,000 
500 4 372,000 
750 5 400,000 
 
The Delft3D model simulations of the three terminal groin options indicated some possible 
reduction in sediment retention in the Shallotte Inlet borrow area for each of the terminal groin 
options. In the case of the 250-foot structure, the estimated rate of sediment retention would be 
219,000 cubic yards/year which is about 87.3% of the retention rate of 251,000 cubic yards/year 
measured in the existing borrow area. For the 500-foot and 750-foot terminal groin options, 
retention rates in the borrow area are estimated to be 160,000 cubic yards/year and 128,000 cubic 
yards/year, respectively. In the case of the 250-foot structure, the volume of sediment retained in 
the borrow area over a three-year period would be 657,000 cubic yards which is more than the 3-
year nourishment requirement given above. Similarly, the estimated retention rate with the 500-
foot terminal groin should total 640,000 cubic yards over a 4-year period with a comparable 
volume of 640,000 cubic yards retained over 5-years in the case of the 750-foot structure. Both 
of these retention rates exceed the periodic nourishment volumes for the terminal groin options 
as provided above. 
 
In the past, the USACE has combined periodic nourishment of the Ocean Isle Beach project into 
contracts involving Wrightsville Beach, Masonboro Inlet, Carolina Beach and Kure Beach. In 
this regard, dredging contracts for Wrightsville Beach and Masonboro Inlet are on a four-year 
dredging cycle while Carolina Beach and Kure Beach are on three-year cycles. The use of the 
selected periodic nourishment intervals for the 500-foot and 750-foot terminal groin options 
given above could have some impact on the ability to combine contracts for these projects; 
however, the potential cost savings for extending the nourishment interval would offset most of 
if not all of the cost impacts. 
   
Cost Comparison – Terminal Groin Options. The selection of the optimal terminal groin option 
was based on a comparison of the cost for each option including the cost of the terminal groin, its 
maintenance cost, the cost of the initial beach fill for the accretion fillet, and periodic nourishment 
costs for Ocean Isle Beach west to station 120+00. Details of the cost estimates are provided in 
Section 4 of Appendix B. A summary of the total initial construction cost of each terminal groin 
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option, which includes the cost of the structure and the beach fill to pre-fill the accretion fillet, 
periodic nourishment cost, and maintenance cost for the terminal groin is provided in Table 3.6. 
The maintenance cost for the terminal groin is presented as an average annual cost; however, 
maintenance of the structure would not be required every year. Since the timing of when repairs 
would be needed cannot be predicted in advance, the maintenance costs were distributed 
uniformly over the 30-year planning period. 
 
Table 3.6. Summary of cost for terminal groin options. 
Terminal Groin 

Option 
Initial 

Construction Cost 
Periodic 

Nourishment Cost 
per Event 

Nourishment 
Interval (years) 

Terminal Groin 
Average Annual 

Maintenance Cost  
250-foot $2,328,000 $6,205,000 3 $7,000 
500-foot $3,966,000 $6,334,000 4 $13,000 
750-foot $5,700,000 $6,575,000 5 $21,000 

 
The thirty year costs for each terminal groin option are given in Table 3.7 with the equivalent 
average annual cost shown in Table 3.8. The thirty year cost and equivalent average annual cost 
of beach nourishment for Alternatives 1 and 2 are also given in Table 3.7 and 3.8, respectively, 
for comparison purposes. 
 
Table 3.7. Thirty-year beach nourishment cost for Alternatives 1 and 2 and total cost for the three terminal 
groin options. 

Alternative Total 30-Year Cost 
Alternatives 1 & 2 $66,440,000 

250-foot terminal groin $68,465,000 
500-foot terminal groin $51,062,000 
750-foot terminal groin $46,655,000 

  
Table 3.8. Equivalent annual cost of terminal groin options and beach nourishment under Alternatives 1 and 
2. 

Alternative Equivalent Annual Cost 
Alternatives 1 & 2 $2,126,000 

250-foot terminal groin $2,129,000 
500-foot terminal groin $1,682,000 
750-foot terminal groin $1,567,000 

 
Cost Sharing. All initial costs to pre-fill the accretion fillet and construct the terminal groin as 
well as any future maintenance of the terminal groin would be a non-Federal responsibility. 
Following construction of the terminal groin, all future beach nourishment would occur within 
the limits of the Federal storm damage reduction project and would be eligible for cost-sharing 
with the Federal government in the same 65%/35% Federal/non-Federal ratio as under the 
existing Project Cost Sharing Agreement. The resulting Federal and non-Federal cost 
responsibilities for the total 30-year project costs for the terminal groin options and Alternatives 
1 and 2 are given in Table 3.9. 
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Table 3.9. Cost-Sharing responsibilities for 30-year project cost of the terminal groin options and the existing 
federal storm damage reduction project. 

Alternative Total 30-Year Cost Federal Share Non-Federal Share  
Alternative 1 & 2 $66,440,000 $43,190,000 $23,250,000 

250-foot terminal groin $68,465,000 $41,484,000 $26,981,000 
500-foot terminal groin $51,062,000 $28,354,000 $22,708,000 
750-foot terminal groin $46,655,000 $23,432,000 $23,223,000 

 
Selection of Terminal Groin Option. The 250-foot terminal groin would only have a minor 
impact on volume losses off the east end of Ocean Isle Beach and would only stabilize the 
shoreline for about 700 feet west of the structure and slightly reduce volume losses over another 
1,000 feet. Also, the total 30-year cost for the 250-foot option would be slightly more than 
Alternative 1 and the non-Federal 30-year cost would be significantly greater than that for 
Alternative 1 (Table 4.19). This is due to the inability of the 250-foot structure to reduce periodic 
nourishment requirements that would offset the cost for constructing and maintaining the 
structure. Therefore, the 250-foot terminal groin in not considered to be a viable option. 
 
With regard to the 500-foot structure, it would provide positive shoreline effects in terms of 
shoreline stability and reduced nourishment requirements west to about station 20+00. The 750-
foot structure’s positive shoreline effects would extend west to station 30+00 and would almost 
eliminate all nourishment requirements east of station 30+00. 
 
Construction of the 750-foot terminal groin, and its associated beach fill needed to pre-fill the 
accretion fillet west of the terminal groin, would cost about $1.7 million more than the 500-foot 
terminal groin option (Table 4.16). However, over the 30-year analysis period, the total cost for 
the 750-foot option would be about $4.4 million less than the 500-foot structure. While non-
federal cost over the 30-year analysis period would be slightly less for the 500-foot structure, the 
added shoreline stability provided by the 750-foot structure combined with the possibility of 
future reductions in Federal funding for the Ocean Isle Beach storm damage reduction project 
prompted the Town of Ocean Isle Beach to select the 750-foot terminal groin as its preferred 
alternative.  
 
Terminal Groin Construction Methodology. The exact method used to construct the terminal groin 
would be left to the discretion of the construction contractor; however, the contractor would have 
to abide by defined construction corridors, approved access locations and staging areas, permitted 
construction timeframes as well as other restrictions that would limit adverse environmental 
impacts directly associated with the construction activity as defined below.  
 
The stone required to construct the terminal groin would be transported to Ocean Isle Beach down 
the AIWW via barges from a rail terminal similar to one located in Wilmington, NC. The stone 
would be off-loaded on to trucks at a facility located on the north end of Shallotte Boulevard 
(Figure 3.4). The existing pier located at this site would probably have to be upgraded in order to 
accept the loading associated with the stone transfer operation. The stone would be transported by 
trucks from the offloading facility down Shallotte Boulevard and E. 4th Street to a temporary stone 
storage area located on the beach at the end of E. 4th Street. The rubblemound portion of the 
terminal groin would be constructed from a temporary trestle or pier installed parallel to the 
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alignment of the terminal groin. The trestle would be removed upon completion of the 
rubblemound portion of the terminal groin. 
 
A minimal amount of excavation would be required for the landward 100 to 150 feet of the 
rubblemound portion of the structure in order to place the foundation stone or mattress at an 
elevation of -5.0 feet NAVD. From that point seaward, the foundation stone/mattress would be 
placed on grade. 
 
The sheet pile for the landward portion of the terminal groin would be transported directly to the 
site by truck from where it would be offloaded and driven into place with typical pile driving 
equipment. A 50-foot wide construction corridor would be established on either side of the shore 
anchorage section. The construction corridor would be restored to pre-construction conditions as 
much as possible by grading any disturbed land and replanting with native vegetation. 
 

 
Figure 3.4. Terminal groin construction. 
 
Cost Summary. The equivalent average annual cost for all of the alternatives, computed using a 
discount rate of 4.125% and an amortization period of 30 years is provided in Table 3.10. The 
costs of each alternative over the 30-year planning period are given in Table 3.11.     
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Table 3.10 Summary of average annual economic impact of alternatives. 

Alternative 
Long-Term 

Erosion Damages 
& Response Cost 

Construction & 
Periodic 

Nourishment Cost  

Total Economic 
Cost 

1- No New Action $1,048,000 $2,126,000 $3,174,000 
2 – Abandon/Retreat $958,000 $2,126,000 $3,084,000 

3 – Beach Nourishment $0 $3,866,000 $3,866,000 
4 – Channel Relocation $0 $2,500,000 $2,500,000 
5 – 750-ft terminal groin $0 $1,567,000 $1,567,000 

 
Table 3.11 Summary of 30-year implementation costs of alternatives 

 
Alternative 

Total 30-Year Beach 
Nourishment/Implementation 

Cost 

 
Federal 
Share 

 
Non-Federal 

Share 
1- No New Action $66,440,000(1) $43,190,000 $23,250,000 

2 – Abandon/Retreat $66,440,000(1) $43,190,000 $23,250,000 
3 – Beach Nourishment $115,503,000 $43,190,000 $72,313,000 
4 – Channel Relocation $62,126,000 $30,982,000 $31,144,000 
5 – 750-ft terminal groin $46,655,000 $23,432,000 $23,223,000 

(1)Nourishment of federal storm damage reduction project only, does not include demolition, relocation, or 
sandbags. 
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Chapter 4 AFFECTED ENVIRONMENT 
 
1. What is the environmental setting of this project? 
 
Ocean Isle Beach is a coastal barrier island located along the Atlantic Ocean on the coastline of 
Brunswick County in southeastern North Carolina. The island is situated midway between the 
metropolitan cities of Wilmington, NC and Myrtle Beach, SC. Spanning approximately 5.5 
miles, Ocean Isle Beach is oriented in an east/west direction with Shallotte Inlet located along its 
eastern end and Tubbs Inlet at its western end. The island has a current year-round resident 
population of approximately 554, with a seasonal population of 25,000. The Permit Area 
encompasses 4,411 acres and includes a wide diversity of estuarine and nearshore habitat types 
supporting diverse ecosystems typically associated with both a developed and undeveloped 
barrier island system in southeastern North Carolina. The proposed project is located on the 
easternmost portion of the island and within the channel and shoals in Shallotte Inlet. 
 
The Permit Area, as shown in Figure 4.1, is defined as the boundary of where direct and indirect 
effects of the project will, or may likely occur. The Permit Area was identified and delineated 
based on the modeling results depicting potential sedimentation distribution in proximity to 
Shallotte Inlet as a result of the applicant’s preferred alternative and the point of intercept 
calculated along the oceanfront shoreline from proposed nourishment activities.  
 
Natural communities found within the permit area include: dune grass, scrub-shrub, salt marsh, 
beaches and foredunes. The natural area supports a gull-tern-skimmer colony, and the upper 
beach provides habitat for seabeach amaranth (Amaranthus pumilus). Threatened and 
endangered animals supported by the area include the loggerhead sea turtle (Caretta caretta), 
piping plover (Charadrius melodus), Carolina diamondback terrapin (Malaclemys terrapin 
centrata), black skimmer (Rhychops niger), least tern (Sterna atillarum), Atlantic sturgeon 
(Acipenser oxyrinchus), and eastern painted bunting (Passerina ciris ciris). The USFWS has 
designated 296 acres as Piping Plover Critical Habitat along portions of the western tip of 
Holden Beach. This area provides foraging and nesting grounds for the endangered piping plover 
(Figure 4.1). 
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Figure 4.1. Ocean Isle Beach Environmental Setting Map within the Permit Area 

Notes: 

1. Coordinates are in feet based on the 
NOI1h Carolina State Plone Coordinate 
System. North American Datum of 
1983 (NAD 83). 

2. 2012 aerial background provided by 
NCOneMap. 

Legend: 

1-:-..:.J Permit Area (4,413 acres) Dry Beach (91 .58 acres) 

• Dune (138.13 acres) 

Early Successional Upland Vegetation ( 15.23 acres) 

C3 Intertidal Flats and Shoals (42.12 acres) 

Residential (355.06 acres) ' 
• Salt Marsh (525.83 acres) 

• Scrub/Shrub (61 .19 acres) 

Subtidal (2,939.99 acres) 

• Upland Forest (179.73 acres) 

• Wet BeaCh (62.89 acres) 
Feet 

1,000 2.000 
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The North Carolina Division of Marine Fisheries (NCDMF) has designated about 595 km2 (230 
mi2) of fishery nursery areas throughout North Carolina, dividing the habitats into three 
categories of nursery areas: Primary, Secondary and Special Secondary Nursery Areas (NCDMF, 
2007). Primary Nursery Areas (PNAs) are usually shallow with soft muddy bottoms and 
surrounded by marshes and wetlands. PNAs are located within the Permit Area, specifically 
along the back side of Ocean Isle Beach along the AIWW, portions of the Shallotte River, and 
Saucepan Creek. To protect juveniles, many commercial fishing activities are prohibited in these 
waters including the use of trawl nets, seine nets, dredges or any mechanical methods used for 
taking clams or oysters.  
 
The geomorphology of the Permit Area is characterized by beaches, dunes and marshes typical 
of a barrier island complex. The Atlantic Coastal Plain and Long Bay are both underlain by 
relatively flat-lying sedimentary units which gently dip and thicken as they move to the 
southeast.  
 
Barrier islands in North Carolina, such as Ocean Isle Beach, are primarily composed of 
unconsolidated fine- to medium-sized quartz and shell material that is in a constant state of flux 
due to wind, waves, currents and storms. The oceanfront beach and the backing dunes are 
deposits of sand that are constantly changing their shape, and hence position, with time as they 
respond to coastal processes. 
 
Areas of Environmental Concern 
North Carolina passed the Coastal Area Management 
Act in 1974 and then developed regulations in 1978 to 
limit development in coastal environments. Inlet Hazard 
Areas of Environmental Concern (IHAEC) were defined 
as natural hazard areas that are vulnerable to erosion, 
flooding and other adverse effects of sand, wind, and 
water because of their proximity to dynamic ocean 
inlets. North Carolina’s IHAEC boundaries were 
originally approved by the Coastal Resources 
Commission (CRC) in 1979. Presently, IHAEC 
boundaries are more than 20 years out-of-date and new 
boundaries have been proposed by the CRC.  
 
Many AECs have also been designated as Significant 
Natural Heritage Areas (SNHA) by the North Carolina 
Natural Heritage Program (NCNHP). The NCNHP has 
identified more than 2,000 SNHAs in North Carolina, 
which are defined as an area of land or water important 
for conservation of biodiversity. SNHA’s contain one or 
more natural heritage elements such as high-quality or rare natural communities, rare species, 
and/or special animal habitats.  
 

What are Areas of 
Environmental Concern? 

The Coastal Resources 
Commission designates areas as 
AECs to protect them from 
uncontrolled development, which 
may cause irreversible damage to 
property, public health or the 
environment, thereby diminishing 
their value to the entire state. The 
CRC has set up four categories of 
AECs:  

A. The Estuarine and Ocean 
System  

B. The Ocean Hazard System  
C. Public Water Supplies  
D. Natural and Cultural 

Resource Areas  

 



 

DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 
  48 

2. What are the characteristics of the various habitats found within the project area? 
 
Barrier islands within North Carolina are dominated by wave and tidal processes, often with 
large flood and ebb tidal deltas. Like other inlets in southeastern North Carolina, Shallotte Inlet 
serves as the primary pathway of sediment transportation into the estuary system. The Permit 
Area contains various habitat types such as salt marsh, upland hammocks, intertidal flats, shoals, 
dunes and beaches (Figure 4.2).  
 

 
Figure 4.2. Schematic depicting various habitats associated with a barrier island 

 
A. Estuarine Habitats 
 
While estuaries are also often known as bays, lagoons, harbors, inlets, or sounds, the defining 
feature of an estuary is the mixing of fresh and saline water (32 to 36 parts per thousand [ppt]). 
Flush with nutrients and inhabited by resilient organisms, estuaries are among the most 
productive ecosystems on earth. They provide rich feeding grounds for coastal fish and 
migratory birds, and spawning areas for fish and shellfish (NPS, 2007). This section will 
characterize the following estuarine communities that are found, or have potential to be found, 
within the Permit Area including salt marshes, submerged aquatic vegetation (SAV) and 
shellfish areas.  
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1. Salt Marsh Communities 
These community types are found in relatively flat and 
poorly drained topographic areas found along the North 
Carolina coastline and are subject to regular and irregular 
tidal flooding. These systems are extremely important for 
water filtration and water storage during flood events, as 
well as supplying food and providing habitat for a wide-
array of flora and fauna. Coastal wetlands within the 
project vicinity include tidal salt marshes, and occur along 
the shoreline and island fringes along the backside of 
Ocean Isle Beach and Holden Beach.  
 
Estuarine systems, such as those characterized within the Ocean Isle Beach Permit Area, have 
been designated as AEC by the CRC. These areas have been identified as “sensitive and 
productive coastal lands and waters where uncontrolled development might cause irreversible 
loss of property, public health and the natural environment” (NCDCM, 2006). Section 15A 
NCAC 07H .0205 of the North Carolina Administrative Code defines coastal wetlands as any 
salt marsh or other marsh subject to regular or occasional flooding by tides, including wind tides 
(whether or not the tide waters reach the marshland areas through natural or artificial 
watercourses), provided this shall not include hurricane or tropical storm tides (NCDCM, 
2008a). There are four kinds of coastal marsh habitats found in North Carolina; low marsh, high 
marsh, brackish marsh, and freshwater marshes. Of these kinds, the Permit Area contains low 
and high marsh.  
 
Low salt marsh environments are regularly flooded with the tides and are characterized by 
organic mats with smooth cordgrass (Spartina alterniflora) as the dominant vegetative species. S. 
alterniflora marshes occur within the intertidal zone along the sounds and tidal creeks, and 
provide valuable nursery habitat for commercially valuable species of marine and estuarine 
organisms. The zonation of vegetation in salt/brackish marsh is largely determined by variations 
of salinity and drainage of sediment porewater. Some species are restricted in the low marsh 
because of high porewater salinity, frequent inundation, and high-sulfide porewaters associated 
with frequent inundation (Street et al., 2005). Smooth cordgrass can tolerate a wide range of 
environmental conditions, including pH levels from 5.4 to 7, salinities from 3% to 5%, and a 
water table four inches above ground level (ANHP, 2004).  
 
Cowardin (1979) classifies high marsh as an estuarine intertidal emergent wetland or palustrine, 
emergent wetland. High salt marsh environments are irregularly flooded lands where plant 
species such as saltmeadow cordgrass (S. patens), glasswort (Salicornia Spp.), salt (or spike) 
grass (Distichlis spicata), and sea lavender (Limonium carolinianum) may be found. Saltmeadow 
cordgrass grows at the seaward edge of the high marsh, just above the high water line, providing 
habitat for a variety of waterfowl and songbirds, as well as other types of wildlife indigenous to 
the area. This environment is important in stabilizing the shifting sands of the barrier islands. 
Eventually, over time, the high marsh habitat can transform as it becomes vegetated with 

Salt Marsh Communities 
 
In eastern North Carolina, salt 
marsh communities can be found 
along 4,500 miles of coastal 
shoreline, which encompasses 2.1 
million acres of estuarine habitat 
(NCCF, 2007). 
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dominant shrub species such as marsh elder (Iva frutescens), wax myrtle (Myrica cerifera), and 
yaupon holly (Ilex vomitoria).  
 
For both low and high salt marsh, the benthic communities consist of many faunal species. A 
2007 wildlife utilization study conducted in the low salt marshes within the Bogue Inlet complex 
revealed high numbers of macroinvertebrates including fiddler crabs (Uca puglator), periwinkle 
snails (Littorina irrorata), oysters (Crassostrea virginica), and unidentified species of mud 
crabs, clams, and mussels (Rosov and York, 2007). Other common macro invertebrates in the 
salt marsh include blue crabs (Callinectes sapidus) and grass shrimp (Palaemonetes sp.) (Meyer, 
1991).   
 
Five hundred and twenty-six (526) acres of marsh have been delineated within the Permit Area, 
as determined through interpretation of high resolution aerial photography. 
 
Benefits of Salt Marsh Habitats to Shorebirds, Colonial Waterbirds and other Waterbirds 
Due to their biological productivity, estuaries provide ideal areas for migratory birds to rest and 
forage during their long migratory journeys. Various species of shorebirds utilize marsh habitats 
for wintering, as well as feed on fish, shrimp and fiddler crabs found in the salt marsh. Along 
with a number of shorebirds and waterbirds, various waterfowl including dabbling ducks, diving 
ducks, geese, swans and coots utilize the salt marsh (Cowardin, 1979). 
 
Colonial waterbirds that utilize marsh habitat include black skimmers, gull-billed terns, common 
terns, least terns, egrets (Egretta spp.), and green herons (Butorides virescens). Most of these 
species prefer sandy beaches and shoaling habitats for nesting. The green heron is a habitat 
generalist, frequenting most coastal freshwater bodies as well as some saltwater bodies. The 
green heron nests in coastal shrub thickets, upland and swamp forests, and salt marshes, as well 
as in suburbs where habitat is deemed suitable. This species is less colonial than other wading 
birds, and although it often nests in mixed colonies with other herons and ibis (Plegadis 
falcinellus and Eudocimus albus), the green heron will frequently nest singly or in colonies of a 
few pairs. Nests are typically elevated in trees or shrubs between five (5) and 30 ft off the ground 
(Alsop, 2002). 
 
Willets (Catoptrophorus semipalmatus), American oystercatchers (Haematopus palliatus), 
piping plovers, Wilson’s plovers, and killdeers (Charadrius vociferous) usually nest above the 
high tide line on coastal beaches, on sand flats at the ends of sand spits, in blowout areas behind 
dunes and in overwash areas. However these various shorebirds also utilize various estuarine 
habitats including intertidal-emergent and submerged vegetated areas, intertidal-unvegetated, 
managed wetlands, as well as inland habitats for feeding (Hunter et al., 2001; Brown et al., 
2001).  
 
A variety of other waterbird species that are not classified as shorebirds or colonial waterbirds 
can also be found utilizing different estuarine habitats. For example, species such as red-breasted 
mergansers (Mergus serrator), clapper rails (Rallus longirostris) and ospreys (Pandion 
haliaetus) can be found in and surrounding inlet habitats such as Shallotte Inlet. These 
waterbirds can be found in estuaries, marshes, and in the vicinity of Shallotte Inlet year-round or 
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part of the year. However, they are mainly present during spring and fall migrations, as well as 
during the winter.  
 
Benefits of Salt Marsh Habitat to Terrapins 
The Carolina diamondback terrapin (Malaclemys terrapin centrata) is the only North American 
turtle found in brackish waters, and are common in salt marsh environments. Juveniles use 
matted species of Spartina and other marsh grasses as cover. The marshes behind Ocean Isle 
Beach provide suitable habitat for diamondback terrapins. 
 
Benefits of Salt Marsh Habitats to Fishery Resources 
Finfish and shellfish using salt/brackish marsh habitats fall into several categories based on 
location and timing of use (Street et al., 2005). Essential Fish Habitat (EFH) species that are 
expected to occur in estuarine emergent wetlands of North Carolina include the penaeid shrimp, 
summer flounder and others. Year-round residents of the marsh include small forage species 
such as killifish (Fundulus confluentus, F. luciae, F. majalis, Lucania parva, Fundulus 
heteroclitus), sheepshead minnows (Cyprinodon variegates), grass shrimp (Palaemonetes pugi), 
bay anchovies (Anchoa mitchilli) and silversides (Membras martinica, Menidia spp.). Transient 
species include those spawning near the marsh, and those spawned in deeper waters using marsh 
habitat as nursery or foraging areas. Among transient species, some prefer the edge of 
salt/brackish marsh (i.e. flounder) while others are found near the marsh edge on non-vegetated 
bottom (i.e., spot (Leiostomus xanthurus) and Atlantic croaker (Micropogonias undulatus)). 
Some species are not found in the marsh, but derive substantial food resources from marsh plants 
as detritus (i.e., menhaden (Brevoortia spp.)) or from microalgae produced on the marsh surface. 
Of the fishery species in North Carolina, penaeid shrimp and red drum are considered critically 
linked to marsh edge habitat (SAFMC, 1998).  
 
Red drum spawning occurs in the fall (August through October) in estuaries and around coastal 
inlets with optimal temperatures being between 220 C and 300 C (720 F to 860 F) (NCDMF 
2005). In North Carolina, spawning adults were reported to be common in salinities above 25 ppt 
in Bogue Sound and the Cape Fear River. Spawning adults were present but not frequently 
encountered in Pamlico Sound and the New River (ASMFC, 2002).  
 
Penaeid shrimp are reported to spawn offshore, moving into estuaries during post-larval stage 
during the early spring. As the shrimp grow larger in size, they migrate to higher salinity 
environments. In late summer and fall, they return to the ocean to spawn (NCDMF, 2005). It is 
during the July through October period that approximately 77% of the North Carolina shrimp 
harvest (for all waters) is landed, 66% of which is taken from ocean sub-areas <3 mi offshore 
and south of Cape Hatteras (NCDMF, 2005). In a NCDMF juvenile brown, white and pink 
shrimp sampling program (1999 – 2003) the majority of shrimp were “collected in close 
proximity to shallow wetland systems, such as salt marsh”.  
 

 Brown Shrimp 
Brown shrimp spawn in the deep ocean during February and March. Larval immigration to 
estuaries peaks from mid-March through mid-April. Brown shrimp prefer peat and muddy 
bottoms as habitat (NCDMF, 2005). 
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 Pink Shrimp 
Pink shrimp spawn in ocean waters from April to July. Post larvae immigrate to estuaries 
from May to November. Juvenile pink shrimp are reported to over-winter in North Carolina 
estuaries. Pink shrimp prefer foraging in shallow waters among marine plants. They are 
nocturnal feeders but may feed during the day in turbid water (NCDMF, 2005). 

 
 White Shrimp 
White shrimp spawn at depths greater than 30 feet in the ocean from March to November. 
Post larvae immigrate to estuaries two to three weeks after hatching when they become 
benthic. Juvenile white shrimp prefer muddy bottoms in low to moderate salinity estuarine 
waters and brackish waters. White shrimp migrate south from estuaries during fall and early 
winter. “Some of the slower-growing individuals overwinter in the estuaries, but usually do 
not survive in North Carolina” (NCDMF, 2005). 

 
2.  Submerged Aquatic Vegetation (SAV) 
SAV habitat occurs along the entire east coast of the United 
States, with the exception of South Carolina and Georgia, 
where high freshwater input, high turbidity, and large tidal 
amplitude (vertical tide range) inhibit their occurrence. 
Along the Atlantic coast, North Carolina supports more 
SAV than any other state, except for Florida (Funderburk 
et al. 1991; Sargent et al. 1995). The 2005 CHPP reported 
that, based on interpretation and field verification by 
NOAA of remotely-sensed imagery taken during 1985-
1990, the total area of visible SAV was approximately 
134,000 acres (Ferguson and Wood 1994). Since 2005, 
some additional mapping efforts have added over 20,000 
acres of mapped vegetated areas, suggesting SAV habitat 
covers over 150,000 acres in coastal North Carolina 
(Deaton et al., 2010). 
 
In North Carolina, Submerged Aquatic Vegetation (SAV) 
is defined as “estuarine waters vegetated with one or more species of submerged vegetation such 
as eelgrass (Zostera marina), shoalgrass (Halodule wrightii) and widgeon grass (Ruppia 
maritima). These vegetation beds occur in both subtidal and intertidal zones and may occur in 
isolated patches or cover extensive areas (Street et al., 2005). In North Carolina the dominant 
seagrass is Z. marina. H. wrightii is also observed in North Carolina; however it is not as 
abundant. Seagrass meadows are now much reduced, probably due to elevated nitrogen and 
increased sedimentation (Mallin et al., 2000).  
 
Mapped SAV habitat occurs mostly along the estuarine shoreline of the Outer Banks (Pamlico 
and Core/Bogue sounds), with sparse cover along much of the mainland shores of the estuarine 
system (Ferguson et al. 1989). Estuarine SAV occurs sporadically west of Bogue Inlet to the 
border with South Carolina, but these areas had not been suitably photographed in the early 

Submerged Aquatic Vegetation 
 
North Carolina is in a “transitional 
area which represents the 
southernmost extension for some 
cold-adapted species and the 
northernmost extension of warm-
adapted species.  
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1990’s (Ferguson and Wood 1994). Small areas of SAV habitat have been observed in the past 
by DMF biologists in the New River, Alligator and Chadwick bays, Topsail Sound and inside 
Rich’s Inlet (DMF southern district office staff, pers. comm., 2002). More recent imagery and 
monitoring have verified the presence of patchy SAV beds south of Bogue Sound (S. Chappell 
and A. Deaton/DMF, pers. observation). No SAV resources have been identified via surveys 
reviewed by DMF staff in proximity to Ocean Isle Beach (Deaton, pers. comm.) 
 
Benefits of SAV Areas to Fishery Resources 
Submerged aquatic vegetation provides important structural fish habitat and other important 
ecosystem functions in estuarine and riverine systems in coastal North Carolina. Submerged 
aquatic vegetation is recognized as an EFH because of five (5) interrelated features – primary 
production, structural complexity, modification of energy regimes, sediment and shoreline 
stabilization, and nutrient cycling. Water quality enhancement and fish utilization are especially 
important ecosystem functions of SAV relevant to the enhancement of coastal fisheries (Deaton, 
2010). 
 
3. Shellfish 
The shellfish industry is a large economic industry for 
North Carolina coastal areas. Three (3) species of shellfish 
found in North Carolina coastal waters include eastern 
oysters (Crassostrea virginicus), hard clams (Mercenaria 
mercenaria), and bay scallops (Argopecten irradians 
concentricus).  
 
Shellfish are also an important resource in the estuarine environment within the permit area. The 
structures that shellfish create, such as beds and reefs, are used by many species of fish and 
invertebrates (Burrel, 1986). The SAFMC defines this habitat as “the natural structures found 
between (intertidal) and beneath (subtidal) tide lines, that are composed of oyster shell, live 
oysters and other organisms that are discrete, contiguous and clearly distinguishable from 
scattered oysters in marshes and mudflats, and from wave-formed shell windrows” (SAFMC, 
1998). The South Atlantic Fishery Management Council (SAFMC) has designated oyster reefs as 
EFH for red drum (NMFS, 1999). Although no NCDMF-designated Oyster Management Areas 
(OMA) are located within the Permit Area, several oyster cultch planting areas are found along 
the AIWW on the back side of Ocean Isle Beach and Holden Beach as well as the lower portion 
of the Shallotte River (Stephen Taylor, pers. comm.). The State prohibits the use of trawls, 
dredges and other types of bottom-disturbing fishing gear at these sites.  
 
Table 4.1 below summarizes the spawning seasons for the three (3) shellfish species typically 
found within the Permit Area. 
 
 
 
 
 
 
 

Shellfish 
 
Common terms used to describe 
shell bottom habitats in North 
Carolina are “oyster beds,” “oyster 
rocks,” “oyster reefs,” “oyster bars” 
and “shell hash.”  
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Table 4.1. Spawning Seasons for Shellfish 

SPECIES 
 

SPAWNING SEASONS 
 

Hard Clam (Mercenaria mercenaria) May through November 
 

Eastern Oyster (Crassostrea virginica) May through September 

Bay Scallops (Argopecten irradians) August through December 
 

 
The NCDMF Shellfish Mapping Program was developed using a stratified random sampling 
design that delineates all bottom habitats (or strata) and samples the density of oysters, clams, 
and bay scallops in these areas (Street et al. 2004). Benthic habitat surveys in Shallotte Inlet and 
the estuarine habitats behind Ocean Isle Beach and Holden Beach were conducted by the 
NCDMF and results are shown in Figures 4.3 and 4.4, created by the NCDMF Shellfish Mapping 
Program (Conrad, pers. comm.). These figures illustrate the distribution of the various habitats 
within proximity to Shallotte Inlet. 
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Figure 4.3. NCDMF Shellfish Mapping Program  

Notes: 
1. Coordinates are in feet based on the North Carolina 

State Plane Coordinate System, North American 
Datum of 1983 (NAD 83). 

2. 2012 background imagery is from the USDA National 
Agricultural Imagery Program. 

3. Estuarine Shellfish Benthic Habitat Mapping was 
published by the North Carolina Division of Marine 
Fisheries October 21, 2010. 

legend: 
Estuarine Shellfish Benthic Habitat Mapping 

- Subtidal Firm Non-Vegetated 

D Subtidal Hard Non-Vegetated 

- Intertidal Firm Vegetated 

- Intertidal Firm Non-Vegetated 

- Intertidal Hard Vegetated 

- Intertidal Hard Non-Vegetated 
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Figure 4.4. NCDMF Shellfish Mapping Program

Notes: 
1. Coordinates are in feet based on the North Carolina 

State Plane Coordinate System, North American 
Datum of 1983 (NAD 83). 

2. 2012 background imagery is from the USDA National 
Agricultural Imagery Program. 

3. Estuarine Shellfish Benthic Habitat Mapping was 
published by the North Carolina Division of Marine 
Fisheries October 21 , 2010. 

Legend: 
Estuarine Shellfish Benthic Habitat Mapping 

- Subtidal Firm Non-Vegetated 

Subtidal Hard Non-Vegetated 

- Intertidal Firm Vegetated 

- Intertidal Firm Non-Vegetated 

- Intertidal Hard Vegetated 

- Intertidal Hard Non-Vegetated 
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 Hard Clams 

According to the NCDMF, the stock status of hard clams 
(Mercenaria mercenaria) is unknown because there is no data 
available to assess the population size (NCDMF, 2001). Hard 
clams are an estuarine-dependent mollusk found primarily in 
sandy and vegetated bottoms. Increased fishing, poor water 
quality, and habitat loss has impacted this fishery (NCDMF, 
2003a). The EFH for the hard clam, as designated by the 
SAFMC, includes subtidal and intertidal flats, oyster reefs and 
shell banks, and SAV (NCDMF, 2001). The State Fishery 
Management Plan was updated in 2008. 
 
Hard clams are suspension feeders that subsist primarily on phytoplankton. Growth of hard clam 
larvae is quickest at temperatures found between 22.5°C and 36.5ºC (72.5°F and 97.9°F) with 
salinities of 21.5 to 30.0 ppt (Eversole, 1987). They spawn from May through November, when 
water temperatures reach 68°F. Salinities above 25 ppt significantly affect normal embryonic 
development while temperatures too low will not allow maturation and spawning (Eversole, 
1987). Hard clams can be found in nearly all of the sheltered marine waters of North Carolina. 
Based on research examining clam landings per trip, the NCDMF found that the harvest of clams 
appeared to be particularly stable (NCDMF, 2001). 
 

 Eastern Oysters 
Eastern oysters (Crassostrea virginica) are long-lived 
(approximately 40 years) and are capable of forming large reefs. 
According to the NCDMF, the eastern oyster has a stock status 
designation of concern due to a long-term decline most likely 
caused by over harvesting, habitat disturbances and pollution. 
Oysters require a relatively clean, firm substrate to attach to and 
can be found in intertidal or subtidal estuarine environments. 
Spawning in North Carolina occurs from May through 
September. Vast intertidal reefs formed by oysters are 
significant biological and physical formations in the estuaries of 
North Carolina. Fish, crabs, and shrimp utilize oyster beds as 
refuge and as a source of food. The intertidal oyster beds also 
provide habitat for various infaunal and epifaunal species. 
 
The eastern oyster is a very successful estuarine bivalve and can tolerate a wide variety of 
salinities, temperatures, currents, and turbidities. The preferred habitat for eastern oysters is from 
just below MLW to 1 m (3.28 ft) above MLW (Burrel, 1986). The eastern oyster is a prolific 
bivalve, whose stocks have been depleted, which identified a need for a State Fishery 
Management Plan (updated in 2008) in parallel with the Hard Clam Fishery Management Plan.  

Eastern oyster 

 

 

Hard clam 

 

 

http://images.google.com/imgres?imgurl=http://img.tfd.com/wn/96/613C1-hard-clam.gif&imgrefurl=http://www.thefreedictionary.com/hard+clam&usg=__2J6ueYBvLfBskhFnMx1Gc3y8_N0=&h=108&w=135&sz=7&hl=en&start=24&um=1&tbnid=0EAxn4VrvijbnM:&tbnh=74&tbnw=92&prev=/images?q=hard+clam&ndsp=18&hl=en&sa=N&start=18&um=1


 

DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 
  58 

 
 

 Bay Scallop 
The NCDMF lists the bay scallop (Argopecten irradians) as a 
species of concern based on poor recruitment and low 
abundances. NCDMF developed a fisheries management plan 
for the bay scallop in 2007. A. irradians is an estuarine-
dependent bivalve found in seagrass (mainly eelgrass) beds. 
Bay scallops are rarely found attached, although they do have 
the ability to attach by byssal threads mainly as juveniles but as 
they mature scallops sink to the bottom and continue to grow 
(Fay et al., 1983). Adult scallops prefer calm waters, secluded 
from high winds, storms, with tides and depths of 0.3 to 10 m 
(0.98 to 32.8 ft). Environmental factors, such as temperature 
and rainfall, play a critical role in scallop abundance (NCDMF, 
2003b). They spawn between August and December when water temperatures are approximately 
60ºF. 
 
Benefits of Shellfish Habitat Areas to Fishery Resources 
Shell bottom provides critical fisheries habitat not only for oysters but also for recreationally and 
commercially important finfish, other mollusks, and crustaceans. The SAFMC has designated 
oyster reefs as EFH for red drum (Sciaenops ocellatus). The ecological functions of oyster reefs 
related to oyster production are well known and accepted. These functions include aggregation of 
spawning stock, chemical cues for successful spat settlement, and refuge from predators and 
siltation. Oysters have also been described as “ecosystem engineers” that create reef habitat 
important to estuarine biodiversity and fishery production. Several studies have found higher 
biological abundance and diversity on shell bottom than adjacent softbottom, particularly pinfish 
(Lagodon rhomboides), blue crabs (Callinectes sapidus), and grass shrimp (Palaemonetes pugio) 
(Street et al., 2005). 
 
B. Upland Hammock Habitat 
 
Maritime hammocks, also known as maritime forests, 
tropical hammocks or coastal hammocks, are characterized 
as narrow bands of forest that develop almost exclusively 
on stabilized back dunes of barrier islands, inland of 
primary dunes and scrub. This habitat type is typically 
dominated by species of broad-leaved evergreen trees and 
shrubs, maritime hammocks are climax communities 
influenced heavily by salt spray. Figure 4.1 depicts the 
upland hammock habitat and designates the area as “scrub-
shrub” and “upland forest”. The dominant wind direction 
and influence of salt spray is usually evidenced by the 

Upland hammock 
 
These forested systems are 
typically dominated by live oak 
(Quercus virginiana), loblolly pine 
(Pinus taeda), and red cedar 
(Juniperus virginiana) trees with 
an understory of shrub thicket 
which can support such species 
as swamp bay (Persea palustris) 
and sweetbay (Magnolia 

virginiana).    

Bay Scallop 

 

 

http://images.google.com/imgres?imgurl=http://www.freeclipartnow.com/d/7095-1/Bay-Scallop.jpg&imgrefurl=http://www.freeclipartnow.com/animals/water-animals/Bay-Scallop.jpg.html&usg=__v_zWCV3uFWhTRK5NawsXKNAG-P0=&h=350&w=350&sz=52&hl=en&start=11&um=1&tbnid=inDte9PCjjE7-M:&tbnh=120&tbnw=120&prev=/images?q=bay+scallop&hl=en&um=1
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sculpted vegetation (Texas Cooperative Research Unit, 2002). One hundred-eighty acres of 
upland hammock as well as 61 acres of scrub-shrub habitat have been delineated within the 
Permit Area, as determined through interpretation of high resolution aerial photography. 
 
Benefits of Upland Hammocks to Colonial Waterbirds 
Colonial waterbirds utilize a variety of habitats for foraging, roosting, and nesting, which 
includes estuaries, oceanfronts, open dunes, inland areas, and intertidal shoal habitats. These 
birds also use a variety of habitats for nesting. Some colonial waterbirds such as brown pelicans, 
herons, and egrets utilize vegetated, upland environments. These three (3) colonial waterbird 
groups prefer trees, shrubs, and grass lands for nesting and, as a result, may utilize the upland 
hammocks identified within the Permit Area. 
 
C. Inlet Dunes and Dry Beach Habitats 
 
This section identifies and discusses the dune and beach communities within the Shallotte Inlet 
complex. These habitats are present around the periphery of the inlet. Inlet dunes and inlet 
beaches are similar to coastal dunes and coastal beaches, however, as a result of episodic 
overwash, these habitats are typically not as established as coastal beaches and often lack the 
vegetation common on the coastal beach and dune systems. Inlet dunes are defined as any hill, 
mound, or ridge of sand along the inlet coastline created by natural or artificial forces. The inlet 
dry beach habitat is defined as the portion of the ocean beach in proximity to the inlet that is 
between mean high water and the toe of the dune. These inlet dunes and beaches are also 
susceptible to forecasted sea level rise.  
 
Benefits of Inlet Dunes and Dry Beaches to Shorebirds, Colonial Waterbirds, and Other 
Waterbirds  
Most shorebirds are long distance migrants, who migrate through and winter in North Carolina 
en route to find suitable breeding sites in the Arctic. To complete these flights, shorebirds must 
obtain a large food reserve. The inlet dunes and beaches in proximity to Shallotte Inlet provide 
migration stop-over areas used by shorebirds to replenish food reserves and accumulate fat 
needed for the long flights. There are few places that have the necessary combination of 
resources. In some areas, between 50% and 80% of the entire population of a species may visit a 
single site (MCCS, 2003). Migratory arctic-bound shorebird species that may be found during 
the non-breeding season within inlets of North Carolina include the red knot (Calidris canutus 
rufa), dunlin (Calidris alpine), western sandpiper (Calidris mauri), and sanderlings (Calidris 
alba). Many arctic breeding species are experiencing declines, including the red knot, which was 
recently listed on December 11, 2104 as a threatened species under the Endangered Species Act.  
 
Shorebirds utilize these inlet dunes and beaches for breeding, wintering and migrating. Many 
species rely on a few, key stopover sites to complete their annual migratory cycle. The Outer 
Banks of North Carolina constitute a prime example of a potentially important area for which 
only limited information on migratory birds is available (Dinsmore, et al., 1998).  
 
Colonial waterbirds also utilize this habitat. These species include terns (Sterna spp.), black 
skimmers (Rynchops niger), herons, egrets (Family Ardeidae), gulls (Larus spp.), ibis (Family 
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Threskiornithidae), and pelicans (Pelecanus occidentalis) (Cameron, pers. comm.). Wading birds 
using the inlet complex include herons, egrets, and ibises (Threskiomis spp.). In addition to 
intertidal shoal habitats, these birds can be found foraging, roosting, and nesting in estuaries, 
along the oceanfront, and in open dunes located within the inlet complex. 
 
Some species of waterbirds, such as terns and black skimmers, nest on bare sand and shell with 
little or no vegetation. These species will change nesting areas in response to changing 
environmental conditions, such as areas with recent increases in vegetation or storm events. In 
selecting nesting habitat, waterbirds typically recognize the preferred habitats and locations that 
have yielded past success, but mainly adhere to group dynamics. This type of grouping creates 
nesting, resting, and foraging areas with large colonies that can include multiple species of 
waterbirds.  
 
D.  Overwash Habitats 
One type of barrier island habitat that is an important feature is overwash areas. Natural 
processes, such as storms, create overwash features behind primary sand dune areas. Overwash 
areas are usually created during strong storm events and usually occur in low areas during spring 
high tide conditions when seawater flows through the primary dune line, spreading out sand from 
the beach and dunes. Recently created overwash fans are generally unvegetated and function 
similar to the dry beach community. Overwash areas are characterized by low, loose sand flats, 
perhaps piled into dunelets and/or divided by sluiceways that quickly develop scattered weedy 
shrubs and herbs. After the site has gone for an extended period without storm scouring the 
vegetation may develop into a dense mat of vines and grasses. Island overwash is an important 
process in maintaining the natural geomorphology of coastal barrier islands. When overwash 
occurs, the net volume of sand is often maintained and the island migrates landward (Donnelly et 
al., 2006). Barrier islands naturally migrate landward as a result of storm events and sea level 
rise. This is accomplished through overwash events where sediments are pushed to the sound 
side, which contributes to building marsh on the sound side.  
 
Benefits of Overwash Habitats to Shorebirds, Colonial Waterbirds, and other Waterbirds 
Overwash features are not unique to inlets; however, the dynamic and productive microhabitats 
formed as a result of inlet migration are very important to both breeding and non-breeding 
waterbirds. Overwash habitats include ephemeral pools and bayside mudflats which are 
important feeding areas to piping plovers at the start of the nesting season and throughout the 
year (Fraser, 2005; USFWS, 1996).  Overwash habitat is utilized by wildlife, particularly 
shorebirds, colonial waterbirds and other waterbirds as they provide suitable foraging and 
nesting habitat for these birds. Willets, American oystercatchers, piping plovers, Wilson’s 
plovers, and killdeers usually nest on open areas above the high tide line on coastal beaches, on 
sand flats at the ends of sand spits, and along blowout areas behind dunes and in overwash areas. 
These open habitats are utilized by breeding and non-breeding colonial waterbirds. In particular, 
the Wilson's plover and the federally threatened piping plover are both dependent on hurricanes 
and storms to provide the overwash habitat needed for nesting habitat (Street et al., 2005).  
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E. Intertidal Flats and Shoals 
 
Intertidal flats and shoals are defined as non-vegetated, soft 
sediment habitats, found between mean high-water and mean 
low-water spring tide datum (Dyer et al. 2000) and are generally 
located in estuaries and other low energy marine environments. 
Mean high water is defined as the average elevation of all high 
waters recorded at a particular point or station over a 
considerable period of time. Mean low water is defined as the 
average elevation of all low waters recorded at a particular 
location also over a considerable period of time. Intertidal flats 
and shoals are distributed widely along coastlines world-wide, 
accumulating fine-grain sediments on gently sloping beds, 
forming the basic structure upon which coastal wetlands build. The tidal flats and shoals of North 
Carolina provide habitat to a variety of migratory shorebirds, colonial waterbirds, marine 
mammals, reptiles, fish and macro-infauna. For this reason, these habitats are considered to be a 
valuable natural resource. These habitats have developed in a dynamic system and therefore tend 
to be ephemeral in nature, especially with regard to dynamic island formation within the inlet. 
These resources are primarily found within the Permit Area in tidal areas associated with 
Shallotte River as well as within Shallotte Inlet. A total of 42 acres of intertidal flats and shoals 
are located within the Permit Area. These resources are primarily found within Shallotte Inlet 
and the lower portion of the Shallotte River.  
 
Benefits of Tidal Flats and Shoals to Shorebirds, Colonial Birds and Other Waterbirds  
During all months of the year, Shallotte Inlet provides important foraging, roosting and nesting 
habitats for shorebirds, colonial birds, and other waterbirds. The intertidal shoals and sand flats 
provide isolated habitat for roosting and foraging. Most shorebirds are aquatic and terrestrial 
probers/gleaners that can wade in the surf of intertidal areas. Prey resources for shorebirds 
include mainly invertebrates and small fish. Breeding and non-breeding federally endangered 
species and species of special concern also utilize intertidal flats and shoals. Therefore, Shallotte 
Inlet’s habitats and the shorebirds that utilize them are a very important natural resource to the 
coast of North Carolina.  
 
Benefits of Tidal Flats and Shoals to Benthic Macroinfaunal Community 
These tidal flats and shoals in the inlet complex provide habitat for the macroinfaunal 
community due to their softbottom consistency. Softbottom habitats are comprised of 
unconsolidated sediment and defined as “unvegetated”, lacking visible structural habitat. 
However, this “soft” substrate supports an abundance of macroalgae and numerous burrowing 
organisms (macroinfauna) living below the surface (Street et al., 2005).  
 
Macroinfaunal species are resident to the upper 1 m (3.28 ft) of the substrate due to the available 
oxygen content and aeration properties; although some larger species may live deeper in the 
seabed (USFWS, 2002). Dominant macroinfaunal species typical of the bays and sounds of 
North Carolina include bivalves, decapods, polychaetes, and amphipods.  

Intertidal flats and shoals 
 

These habitats areas are 
considered to be important 
feeding areas to shorebirds 
at the start of the nesting 
season and throughout the 
year. This includes the 
Federally protected piping 
plover (Fraser, 2005; 
USFWS, 1996). 
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Macroinfaunal species are a primary food source for several migratory and resident shorebirds, 
waterbirds, and many commercially and recreationally important fish. Bird species can be found 
utilizing Shallotte Inlet and the surrounding estuarine environments as a stop-over feeding station 
while traveling to their wintering and nesting grounds. Migratory fish species utilizing the inlet 
depend upon the macroinfaunal community as a food reserve en route to upstream estuarine 
habitats. 
 
Benefits of Tidal Flats and Shoals to Fishery Resources 
As stated above, these habitat areas host an abundance of macro species which are food sources 
for many fishery resources. The tidal flats and shoals of North Carolina are habitat to a variety 
of, anadromous, estuarine, and marine fish species (USFWS, 2002), such as cobia (Rachycentron 
canadum), lane snapper (Lutjanus synagris), red drum (Sciaenops ocellatus), red grouper 
(Epinephelus morio), spadefish (Chaetodipterus faber), gag (Mycteroperca microlepis), king 
mackerel (Scomberomorous cavalla), white shrimp (Penaeus setiferus), brown shrimp (Penaeus 
aztecus), pink shrimp (Penaeus duorarum), Atlantic sharpnose shark (Rhizoprionodon 
terraenovae), southern flounder (Paralichthys lethostigma), and summer flounder (Paralichthys 
dentatus) (USFWS, 2002). These species benefit from tidal flats and shoals as the habitat is used 
for refuge, corridor, nursery, and spawning purposes (Deaton, 2010).  
 
F. Oceanfront Dry Beach and Dune Habitats  
 
1. Oceanfront Dune Communities  
The primary dune extends landward to the lowest elevation 
in the depression behind that same mound of sand 
(commonly referred to as the dune trough). Frontal dunes are 
defined as the first mound of sand located landward of the 
ocean beach having sufficient vegetation, height, continuity 
and configuration to offer protective value (NC DCM, 
2008b). 
  
Dunes and their associated plant species are important in 
providing shorefront protection against coastal storms and 
supplying sand to the beach system during periods of 
erosion. A total of 159 acres of dune communities are located 
within the Permit Area primarily, the oceanfront shoreline 
along Ocean Isle Beach and Holden Beach behind the dry beach habitat. This habitat is also 
found within the back side of the inlet system. 
  
Benefits of Oceanfront Dune Communities to Plant Species 
High temperatures, strong winds, and varying wet and dry conditions typical of a dune 
environment provide unique conditions for plant species with specific adaptations. These specific 
adaptations include plant species that grow extensive root systems, allowing for prolific growth 
in unconsolidated beach sand. Perennial grasses are the primary stabilizers of frontal dune 
systems along beaches and dunes. North Carolina is located in a vegetation transition zone, 

Oceanfront beach and dune 
habitats 

 
Section 15A NCAC 7H .0305(c) 
of the North Carolina 
Administrative Code defines 
primary dunes as the first 
mounds of sand located 
landward of the ocean beaches 
having an elevation equal to the 
mean flood level (in a storm 
having a one percent chance of 
being equaled or exceeded in 
any given year) for the area 
plus six feet. 
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between American beach grass (Ammophila breviligulata) to the north, and sea oats (Uniola 
paniculata) to the south.  
 
2. Oceanfront Dry Beach Communities  
Eroded material from the dune system contributes to the dry beach located between the toe of 
dune or scarp and mean high water (MHW) line. The dry beach area is susceptible to wind and 
storm surge, which supports less vegetation than the dune community. However, this habitat type 
provides recreational areas for humans and nesting grounds for sea turtles and shorebirds. A total 
of 114 acres of dry beach communities are located along the ocean shoreline on Ocean Isle 
Beach and Holden Beach within the Permit Area. 
 
Benefits of Oceanfront Dry Beach Habitats to Sea Turtles 
Five (5) species of sea turtles nest on North Carolina beaches: the green sea turtle, loggerhead 
sea turtle, leatherback sea turtle, hawksbill sea turtle and Kemp’s ridley sea turtle. Sea turtles 
prefer to nest on wide sloping beaches or near the base of the dunes. Dry beaches must allow for 
the following in order for nesting to be successful: beach areas above the mean high water line 
must be wide enough to allow nesting to occur; access to the dry beach must be devoid of 
obstructions (i.e. fencing, seawalls); the sand compaction must allow for digging, and; the 
nesting area must be located away from areas of inundation throughout the nesting season. The 
composition, color, and grain size can affect the incubation time, gender, and hatching success of 
turtle hatchlings (Street et al., 2005).  
 
Benefits of Oceanfront Dry Beach Habitats to Shorebirds, Colonial Waterbirds and other 
Waterbirds  
Beach-nesting birds that utilize dry beach habitats for nesting include terns, black skimmers, 
Wilson’s plovers, piping plovers and American oystercatchers. Terns and black skimmers nest 
on bare sand and shell with little or no vegetation. These species will change nesting areas in 
response to changing environmental conditions, such as increased vegetation. Waterbirds use 
group dynamics to select suitable nesting areas. This grouping creates nesting, resting, and 
foraging areas with large colonies that can include multiple species of waterbirds (Cameron, 
pers. comm., 2007). This is one reason why it is important that these birds have a number of 
suitable nesting, foraging, and roosting sites along the coast. For colonial waterbirds such as 
black skimmers and gulls, they utilize estuarine habitats, oceanfront shorelines, open dunes, 
inland areas, and dry beach habitats for foraging, roosting, and nesting. Portions of the Permit 
Areas are regulated under a Critical Habitat listing as identified in the Endangered Species Act 
(see Figure 4.12 below). 
 
G. Wet Beach Communities 
 
The intertidal zone of oceanfront barrier island beaches or wet beach communities are areas that 
are periodically exposed and submerged by tides, varying in frequency and with lunar tidal 
cycles. Like intertidal shoals, these areas are comprised mainly of sandy bottoms and shell hash 
and are influenced by tidal changes and are susceptible to storms. This high energy area is 
habitat to many benthic organisms and foraging grounds for birds and finfish. A total of 63 acres 
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of wet beach habitat are found primarily along the oceanfront shoreline of Ocean Isle Beach and 
Holden Beach within the Permit Area. 
 
1. Benthic Infaunal Community 
On oceanfront beaches, most benthic organisms in the intertidal zone consist of infaunal 
burrowing forms, particularly polychaete worms (Phylum Annelida), coquina clams (Donax 
variabilis and D. paruvula) and mole crabs (Emerita talpoida) (USFWS, 2002). Many benthic 
organisms are filter feeders, which pump large amounts of water through their bodies. As they 
pump water, they remove sediments and organic matter, thus filtering the water. Some of the 
organic matter filtered from the water is not used and instead deposited in the sediment. These 
nutrients can later be recycled by benthic organisms and dispersed back into the water column, 
making them available to other organisms. Thus, benthic organisms are critical in maintaining 
the high production rates of estuaries.  
  
While several species of amphipods and polychaetes populate the intertidal and shallow subtidal 
beaches of North Carolina, their contribution to the total biomass of benthic infauna is low due to 
their small body size. Due to their short life spans and frequent reproduction events and despite 
their relatively low biomass, these species are important to the benthic infaunal community in 
regard to their contribution to primary and secondary productivity. Therefore, mole crabs and 
coquina clams dominate the benthic infaunal community due to their biomass (Peterson et al., 
2000). 
 

 Mole Crab  
Mole crabs (Emerita talpoida) live at depths above 5 cm under sand in shallow water in the 
swash zone or marine intertidal areas (Bowman and Dolan, 1985). E. talpoida is a very mobile 
species and is highly adaptable to the harsh and dynamic swash zone environment. Mole crabs 
have the color of rippled sand at the water's edge and live mostly buried in the sand, with their 
antennae reaching into the water forming a "V" shaped obstacle in the water as the wave recedes. 
These antennae filter plankton and organic debris from the water. Mole crabs also eat the 
tentacles of Portuguese man o' war (Physalia physalis), which are collected by winding the 
tentacle around the mole crab's leg. Camouflage protects the mole crab from predators, primarily 
fish and birds. Males are smaller than females, only reaching 20 mm, making the sexes easy to 
tell apart when fully grown. Females grow to 35 mm in length and carry their bright orange 
colored eggs under their telson until they are ready to hatch. Recruitment can occur year round, 
but large numbers of recruits are found in early summer and in early fall. Diaz (1980) found that 
most recruitment occurred in September as a result of summer spawning. Amend and Shanks 
(1999) also found that the reproductive season ended in late September.  
 
Female mole crabs do not rely on tidal cues to time larval release; instead, larvae are released at 
sunset regardless of the time of the tide. Since larval release occurs within the intertidal zone, the 
physical wave motions and currents are most likely strong enough to transport larvae away from 

the shoreline to coastal areas for development (Ziegler and Forward, 2005). Amend and Shanks 
(1999) reported that larval release is also influenced by wave height during rough seas where 
larvae are rapidly transported offshore away from adult habitat and predation. 
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As the swash zone changes with the tide, so does the location of the mole crabs. The mole crabs 
move up and down the beach with the tides. In the winter, storms carry them offshore possibly 
into sandbars; however, when the sand is transported back onshore in the spring, the mole crabs 
travel with it. Bowman and Dolan (1985) found that the overwintering populations migrate 
onshore in April during a period of rapidly increasing water temperatures. These population 
fluctuations are an important consideration when using E. talpoida as an indicator species for 
assessing environmental impacts. 
 

 Coquina Clam  
Coquina clams (Donax variabilis) are small, generally less than 2.5 cm in length, and possess 
wedge-shaped shells (Ruppert and Fox, 1988). Like most bivalves, coquinas are filter feeders, 
ingesting phytoplankton, bacteria, and other small suspended particles in the surf zone. The wet 
beach environment is extremely dynamic, eroding and accreting several times in a period of 
months. Although many organisms feed in the surf zone, this clam has unique adaptations to this 
habitat type, making the coquina clam a key habitat indicator species.  
 
Donax variabilis migrates shoreward with the incoming tide and seaward with the outgoing tide 
(Ellers, 1995). While these clams spend most of their time buried in the sand, they emerge 
several times per tidal cycle to ride waves. Ellers (1995) named this method of movement 
“swash-riding” where each clam emerges from the sand and the flow from waves drags it to a 
new position to maintain optimum position at the sea’s edge. Coquina clams actively migrate up 
and down the beach during spring and summer; however these tide-related migrations cease in 
winter as D. variabilis eventually moves into the subtidal zone in late fall. The fluctuation of the 
location of populations in relation to the changing tides is an important consideration when 
assessing this species and one should expect variation if sampling at different tidal levels.  
 
Both males and females are required for reproduction. Spawning occurs subtidally in winter and 
juveniles recolonize the intertidal beach in late winter (Ruppert and Fox, 1988). The typical 
lifespan of coquina clams is two years. 
 
The temporal pattern of presence and recruitment of macroinvertebrates of the South Atlantic 
Bight are depicted in Table 4.2 below. 
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Table 4.2. Temporal presence and major recruitment periods of surf zone invertebrates of the South Atlantic 
Bight (Hackney, et al., 1996). 

 
Jan. Feb. Mar. April May June July Aug.   Sept.      Oct. Nov. Dec. 

Coquina Clams 
(Donax variablis) P P P P H H, R H,R H H H P P 
Ghost Crabs 
(Ocypode quadrata) P P P P P P, R P, R P, R P, R P P P 
Beach Hoppers 
(Orchestiodea) ? ? P P P P P P P P P P 
Sand Hoppers 
(Talorchestia) ? ? P P P P P P P P P P 
Worms 
(Polychaetes) P P P, R H, R H, R H, R H, R H, R H, R H P P 
Mole Crabs  
(Emerita taploidea) P P P P H H H H, R H, R H P, R P, R 

P = present, H = periods of peak abundance, R = periods of recruitment 
 
Benefits of Wet Beach Habitats to Fishery Resources 
Many infaunal species are important food sources for demersal predatory fishes and mobile 
crustaceans. Some of the species that forage on benthic invertebrates in the swash zone include 
inshore lizardfish (Synodus foetens), Florida pompano (Trachinotus carolinus), pigfish 
(Orthopristis chrysoptera), pinfish (Lagodon rhomboids), spot (Leiostomus xanthurus), kingfish 
(Menticirrhus littoralis, M. americanus), red drum (Sciaenops ocellatus), Atlantic croaker 
(Micropogonias undulates), northern sea robin (Prionotus carolinus), summer flounder 
(Paralichthys dentatus), weakfish (Cynoscion regalis) and penaeid shrimp (Street et al., 2005). 
Many of these species use the high energy environment as protection from other predatory 
species, as well as for feeding grounds.  
 
Benefits of Wet Beach Habitats to Shorebirds, Colonial Waterbirds, and Other Waterbirds  
Many infaunal species are important food sources for a variety of bird species, especially the 
beach-nesting birds. Colonial waterbirds, such as gulls and black skimmers that utilize estuarine 
habitats, oceanfront shoreline, open dunes, and inland areas also utilize wet beach habitats for 
foraging, roosting, and nesting. These colonial waterbirds can rapidly populate and alter ranges 
in response to changes in environmental conditions.  
 
H. Marine Habitats 
 
Cowardin (1979) classifies marine habitats as open ocean waters overlying the continental shelf 
and its associated high energy coastline where salinities exceed 30 ppt. With this broad 
classification, many habitats or community types fall within the definition and have previously 
been, or will be, discussed in other sections of this EIS. This section, however, will focus on soft 
and hardbottom communities that are considered marine habitats. Marine nearshore softbottom 
communities are found in the intertidal zone as well as the subtidal zone. Marine intertidal and 
subtidal zones along the shoreline are highly affected by tides and bottom friction. North 
Carolina’s tidal amplitude along ocean shoreline is greatest where the continental shelf is widest 
in the southern coastal area; average tidal height is approximately 2 ft near Cape Hatteras and 4.3 
ft near Cape Fear (Street et al., 2005). 
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1. Softbottom (Unconsolidated) Communities 
Softbottom habitat is the unvegetated bottom sediment in all coastal systems, and includes 
features such as inlets, shoals, channel bottoms, intertidal ocean beaches, and cape shoals. 
Softbottom plays a key role in primary productivity in shallow estuarine and marine systems. 
This habitat strongly influences the water column through dynamic cycling processes, storing 
and releasing nutrients and chemicals over time. Other ecosystem functions of softbottom 
include the reduction of physically destructive storm effects on oceanfront beaches, and 
providing sand sources for barrier island and inlet migration.  
 
Softbottoms consist of both mud and sand substrates. Mudflats are sedimentary intertidal habitats 
created by deposition in low energy coastal environments, particularly estuaries and other 
sheltered areas and therefore are not pervasive in marine habitats. The sediments generally 
consist of silts and clays with a "high organic content" (NMFS, 2006 - Mudflats). Sand bottoms 
consist of materials with grain sizes more coarse than silt (>0.0625 mm). Periodic storms can 
affect benthic communities along the Atlantic coast to depths of approximately 115 ft. As a 
result, softbottom communities tend to be dominated by opportunistic taxa which have adapted 
to relatively quick recovery from disturbance (Street et al., 2005). Seasonal climatic changes can 
also influence the diversity and abundance of macroinfaunal species in these areas. Species 
abundance during the late winter and early spring is typically higher with densities of over 3,500 
per 100cm2 commonly observed (Mallin et al., 2000), although individual species vary 
considerably in their abundance throughout the year.  
 
Generally, inadequate data are available to clearly indicate the current condition of softbottom 
habitat. Fortunately this habitat is relatively resistant to a changing environment and is the most 
abundant submerged coastal fish habitat. This “soft” substrate supports an abundance of 
macroalgae and numerous burrowing organisms (macroinfauna) living below the surface (Street 
et al., 2005). Intertidal shoal, marine intertidal (wet beach) and subtidal areas in the Permit Area 
provide a total of 3045 acres of possible habitat for softbottom communities.  
 
Benefits of Softbottom Communities to Fishery Resources 
Muddy bottoms are not pervasive in the marine environment, but they are located in the estuarine 
habitats within the Shallotte River and behind Ocean Isle Beach and Holden Beach. Sandy 
substrates dominate the marine softbottom communities located off the ocean shoreline.  
  
Softbottom habitat is used to some extent by almost all native coastal fish species in North 
Carolina. Certain species are better adapted to this shallow non-vegetated bottom. Flatfish, rays 
and skates are well suited for utilization of softbottom. Juvenile and adult fish species that forage 
on the rich abundance of macroalgae, detritus and small invertebrates are highly dependent on 
the softbottom.  Softbottom habitat is particularly important as a foraging area for all size ranges 
of bottom feeding fish and invertebrates, such as blue crabs, shrimp, flounders, striped mullet, 
spot, croaker, and kingfish. Burrowing mollusks (e.g., hard clams, coquina clams), flatfishes 
(e.g., southern flounder, hogchoker) and baitfish (e.g., striped mullet) are highly associated with 
shallow softbottom, while larger benthic feeding predators (e.g., weakfish, coastal sharks, 
sturgeons) typically utilize deeper softbottom areas. On April 5, 2012, NMFS listed the Carolina 
Distinct Population Segment of Atlantic sturgeon as a federally endangered species and the 



 

DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 
  68 

ASMFC has developed a Coastal Shark FMP and NMFS includes sharks in its Consolidated 
Atlantic Highly Migratory Species FMP. Recent assessment results indicate great uncertainty 
about the various shark species. Its current status is of concern because of the overfished status 
of sandbar shark, dusky, blacknose, and porbeagle. The scalloped hammerhead has been 
petitioned for threatened or endangered status (NCDMF 2012). 

Valued fishery species that depend on healthy softbottom habitat include hard clams, shrimp, 
blue crabs, southern flounder, Atlantic croaker, striped mullet, kingfish, and spot. Of these, the 
NCDMF 2012 stock status of Atlantic and shortnose sturgeons and southern flounder was listed 
as “Depleted”. The stock status of blue crabs, coastal sharks and Atlantic croaker was listed as 
“Concern”.  

Offshore sand bottom communities along the North Carolina coast are relatively diverse habitats 
containing over a hundred polychaete taxa (Posey and Ambrose, 1994). Tube dwellers and 
permanent burrow dwellers are important benthic prey for fish and epibenthic invertebrates. 
 
2. Hardbottom (Consolidated sediment) Communities 
The term “hardbottom” refers to areas of rock or consolidated sediments in temperate, 
subtropical, and tropical regions, generally located in the ocean rather than in the estuarine 
system. Hardbottom habitats are also called “live bottom” due to the variety and abundance of 
invertebrates and plants that attach to or bore into these hard substrates. The topography of these 
habitats can vary from a relatively flat, smooth surface to a scarped ledge with stepped relief. 
Hardbottom habitats include shallow kelp-covered areas in rocky headlands, rock outcrops, 
submarine canyon walls, and the deep-water plateau. Along the south Atlantic states, hardbottom 
ranges from the shoreline and nearshore (within the state’s 3-mi jurisdictional limit) to beyond 
the continental shelf edge (>200 m deep). It typically occurs in clusters across the shelf in 
specific areas. Estimates of the percent cover of hardbottom vary greatly along the south Atlantic 
coast between Cape Canaveral and Cape Hatteras (NOAA, 2007; Street et al., 2005).  
 
Benthic water temperatures at hardbottom habitats in the ocean off North Carolina range from 
approximately 52.8° F to 80.6° F (11° C to 27° C). Salinity is typically around 35 ppt with little 
fluctuation. The composition of invertebrate, algal, and fish communities varies with 
temperature, depth and season. 
 
Based on the 2010 CHPP location map of hardbottom in vicinity to Ocean Isle Beach, shown in 
Figure 4.5, no hardbottom habitats are likely to be present within the Permit Area. 
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Figure 4.5. 2010 CHPP Location of hardbottom, possible hardbottom, shipwrecks, and artificial reefs in state 
and Federal water of North Carolina – southern coast. 
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I. Water Column 
 
The water column is a conceptual column of water raniging 
from its surface to bottom sediments. The concept of water 
column is important since many aquatic processes are 
explained by the vertical mixing of chemical, physical or 
biological parameters. The depth of water column varies 
greatly throughout the Permit Area. Within the waterbodies 
in proximity to Shallotte Inlet and Intracoastal Waterway, the 
depth ranges from less than 1 foot to approximately -14 feet 
MLW; and the water column depth from the inlet gorge to 
the outer bar channel of Shallotte Inlet ranges from 
approximately -5 feet to nearly -20 feet MLW. Along the 
ocean shoreline, the water column ranges from 
approximately -2 feet deep within the surf zone to 
approximately -25 feet deep. Conditions that influence the 
water column are hydrodynamic flow processes and salinity 
levels. The water column encompasses approximately 2,940 surface acres within the Permit 
Area.   
 
1. Hydrodynamics and Salinity 
Hydrodynamic flows in nearshore shallow environments, including the surf zone, are different 
from coastal and deep-ocean flows mainly because of the shoreline barrier, shallow depths, 
bathymetric features associated with the continental shelf, and nearshore inputs of freshwater.  
Moreover, flows in nearshore waters tend to be more complex than in the deep and coastal ocean 
because many processes operate there, including surface gravity waves, buoyancy driven flows, 
wind-forcing, surface and internal tides, large-amplitude internal waves and bores, and 
boundary-layer effects (Pineda et al, 2007). These differences between nearshore and 
coastal/open ocean hydrodynamics are important for larval transport.  
 
Ocean tides on Ocean Isle Beach are semi-diurnal (occurring approximately every 12 hours), 
with a spring-neap variation of 28 days. In the throat of the inlet, the tidally influenced currents 
are flood-dominated, which means that water flows are greater as the water flows from the ocean 
through the inlet. For more information regarding the tides and tidal flow within the Permit Area, 
refer to the Engineering Analysis (Appendix B). 
 
A primary factor affecting the distribution of estuarine-dependent fish and shellfish is salinity. 
Marine waters of the Permit Area vary on a daily basis in current and salinity conditions due to 
fresh water inflow, tides, and wind.  
 
Benefits of Water Column to Fishery Resources 
Estuarine and marine water column environments in the Permit Area include the beach areas and 
surf zones of Ocean Isle Beach, Holden Beach, and Shallotte Inlet. Fish that utilize the water 
column of North Carolina include: anadromous fish, which can be found in coastal waters but 
migrate into rivers to spawn in freshwater (e.g. striped bass, Atlantic and shortnose sturgeon, 
herring); estuarine-dependent species (e.g. flounder, blue crab, penaeid shrimp, red drum); 

Water column 
 

Water column habitat is defined 
in North Carolina’s Coastal 
Habitat Protection Plan (CHPP) 
as “the water covering a 
submerged surface and its 
physical, chemical, and 
biological characteristics” 
(Deaton, et al., 2010). It 
connects all other aquatic 
habitats, and is the “medium of 
transport for nutrients and 
migrating organisms between 
river systems and the open 
ocean” (SAFMC, 1998).  
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permanent resident species (e.g. black sea bass, Atlantic bumper, lizardfish); and seasonal migrant 
species (e.g. bluefish, Spanish and king mackerel, cobia, spiny dogfish). The transport of larval fish 
from the offshore water column to the estuarine nursery areas through inlets plays a vital role in the 
life cycle of many fish species.  
 
2. Larval Transport 
Larval transport is defined as the horizontal translocation of a larva of any species between 
points (Pineda, et al, 2007). In the southeastern USA, many species of estuarine-dependent fishes 
spawn offshore and their larvae are transported into estuaries. The dispersal and subsequent 
retention of larvae back into the estuary is regulated by a number of factors including 
astronomical and meteorological tides. Some larvae have the capability to actively migrate 
horizontally and vertically in the water column to utilize the stratification, tidal currents, flows, 
and other physical properties of the aquatic environment to help regulate their transport from 
spawning grounds to settlement areas.  
 
Larvae utilize inlets as the conduit between the open ocean and the estuarine environment.  
Shallotte Inlet, a relatively large inlet separating Ocean Isle Beach from Holden Beach to the 
east, drains the Shallotte River and connects to the AIWW. The mass of flowing water flowing in 
and out of the inlet during tidal exchange acts as a conduit for larvae found within the water 
column in proximity to the inlet. Settle et al. (2005) estimated that the larval fish concentrations 
in proximity to Bogue Inlet ranged throughout the water column between 0.5 and 5.0 larvae per 
cubic meter. Assuming that there is similar larval concentration in proximity to Shallotte Inlet, 
Shallotte Inlet would also serve as an important pathway for numerous species of zooplankton 
into the estuary. 
 
3. What are the characteristics of the threatened, endangered, and State listed species 
found within the project area? 
 
Federal and State Listed Species 
The following section describes the Federal and State listed species that occur, or have the 
potential to occur in the Permit Area (as listed in Table 4.3).  
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Table 4.3. Federal and State Listed Species Found or Have the Potential to be Found within the Permit Area 

Common Name Scientific Name 
Federal 
Status 

State Status 

Reptiles    
Green Sea Turtle Chelonia mydas Threatened Threatened 
Hawksbill Turtle Eretmochelys imbricate Endangered Endangered 
Kemp’s ridley Sea Turtle Lepidochelys kempii Endangered Endangered 
Leatherback Sea Turtle Dermochelys coriacea Endangered Endangered 
Loggerhead Sea Turtle Caretta caretta Threatened Threatened 
Carolina Diamondback Terrapin Malaclemys terrapin centrata None Species of Special Concern 
Mammals 
West Indian Manatee Trichechus manatus Endangered Endangered 
North Atlantic Right whale Eubaleana glacialis Endangered Endangered 
Sei whale Balaenoptera borealis Endangered Endangered 
Sperm whale Physeter macrocephalus Endangered Endangered 
Finback whale Balaenoptera physalus Endangered Endangered 
Humpback whale Megaptera novaeangliae Endangered Endangered 
Blue Whale Balaenoptera musculus Endangered Endangered 
Fish     
Shortnose sturgeon Acipenser brevirostrum Endangered Endangered 
Atlantic sturgeon Acipenser oxyrinchus Endangered Endangered 
Vascular Plants     
Seabeach amaranth Amaranthus pumilus Threatened Threatened 
Birds     
Piping Plover Charadrius melodus Threatened Threatened 
Wilson’s Plover Charadrius wilsonia None Species of Special Concern 
American Oystercatcher Haematopus palliatus None Species of Special Concern 
Common Tern Sterna hirundo None Species of Special Concern 
Gull-billed Tern Sterna nilotica None Threatened 
Black Skimmer Rynchops niger None Species of Special Concern 
Eastern Painted Bunting Passerina ciris ciris None Species of Special Concern 
Red Knot Calidris canutus Proposed for 

Listing 
Candidate Species 

      Key:  Status            Definition 
 Endangered -        A taxon “in danger of extinction throughout all or a significant portion  
                                        of its range.” 

Threatened -         A taxon “likely to become endangered within the foreseeable future  
                              throughout all or a significant portion of its range.” 
Species of Special Concern- Any species of wild animal native or once native to North Carolina that  
                                 is determined by the Wildlife Resources Commission to require  
                                monitoring but that may be taken under regulations adopted under the  
                                provisions of Article 25 

 
A. Reptiles 
 
1. Sea Turtles 
Sea turtles are large marine reptiles that spend most of their lives in marine or estuarine habitats. 
Sea turtles can be found in subtropical and temperate oceans as well as in sub-arctic seas around 
the world (Musick and Limpus, 1997). Several studies have shown that the beaches adjacent to 
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inshore and offshore waters along the Atlantic Coast of the United States are important foraging 
and developmental habitats for many threatened and endangered species of sea turtles (Shoop 
and Kenney, 1992; Ehrhart, 1983; Keinath et al., 1987).  
 
Although sea turtles spend most of their lives in the ocean, female turtles must return to land to 
nest (Miller, 1997). Therefore, oceanfront beaches such as those found along Ocean Isle Beach 
provide an important habitat for sea turtle survival. Female sea turtles show nest site fidelity by 
returning to the nesting beach where they hatched (Limpus et. al., 1984; Limpus, 1985). Nesting 
females prefer beaches with limited lighting and open-water access, while other factors such as 
elevation from water inundation, dune vegetation, beach slope and the moisture and compaction 
of the sand may also influence site selection (Hendrickson, 1982; Mortimer, 1982). Female sea 
turtles typically emerge from the water at night, select a nest site and excavate a chamber to 
deposit their eggs. Females cover the nests and return to sea allowing the eggs to develop for 6 to 
13 weeks depending upon the species of sea turtle and the temperature of the nest (Miller, 1985). 
Hatchlings will emerge at night and migrate from the nest to the ocean where they begin their 
offshore migration into the open ocean.  
 
Five (5) species of sea turtles utilize the waters of North Carolina for breeding, feeding and 
development. These species include: the loggerhead sea turtle; green sea turtle; hawksbill sea 
turtle; Kemp’s ridley sea turtle; and the leatherback sea turtle (Epperly et al., 1990; USFWS, 
2003a). Sea turtles can be found in offshore as well as inshore waters at all times of the year, 
although they are more common inshore during the spring, summer and fall months (Epperly et 
al., 1995a). Immigration of sea turtles into North Carolina’s sounds and estuaries occurs most 
frequently in the spring with dispersal throughout the sounds as the waters warm. Emigration out 
of inshore occurs during the latter part of fall when the waters begin to cool. Although the exact 
numbers and frequencies of species inhabiting the inshore and offshore waters of North Carolina 
are not available, it is known that these habitats are used at various times throughout the year by 
all five (5) sea turtle species discussed (Epperly et al., 1990). Species composition of turtles 
captured by fisherman in the inshore waters of North Carolina consisted of loggerheads (71%), 
greens (17%) and Kemp’s ridley (12%) (Epperly et al., 1995b). Public sightings reported all five 
(5) species in inshore waters with leatherbacks and hawksbills being observed infrequently 
(Epperly et al., 1995a).  
 

 Green Sea Turtle  
Breeding populations of green sea turtles along Florida and 
the Pacific coast of Mexico have been Federally listed as 
endangered, while all other populations have been listed as 
threatened under the Endangered Species Act since July 28, 
1978. Additionally, a green sea turtle Critical Habitat was 
designated for the coastal waters surrounding Culebra Island, 
Puerto Rico (NMFS, 2006). Green sea turtles are mid- to 
large-sized sea turtles that reach an average weight of 136.2 
kg (303 lbs) (Pritchard, 1997). Feeding habitats for adults are 
specific to seagrasses and marine algae, while hatchlings 
may be found feeding on various plants and animals. Green sea turtles are generally found near 
seagrass habitats in shallow aquatic environments, such as nearshore reefs, bays and inlets. Coral 

Green sea turtle 
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reefs and rocky patches may also be utilized for shelter and feeding when seagrass is not 
available (Hirth, 1997).  
 
The green sea turtle is globally distributed with an estimated population of 600,000 adults 
(USFWS, 2003b). While green sea turtle populations generally range throughout warm tropical 
and temperate waters of more than 140 countries, their nesting and feeding grounds are 
predominantly located along coastal areas between 30° North and 30° South. The green sea turtle 
nesting season of southern U.S. populations generally occurs between June and September, but 
varies depending upon its locality. Hatchling incubation time and sex determination are both 
temperature dependent (Mrosovsky, 1995). Green sea turtle hatchlings emerge at night and 
migrate offshore spending several years feeding and growing in oceanic current systems 
(USFWS, 2003b). 
  
Along the U.S. beaches of the Atlantic, green turtles primarily nest in Florida. Less significant 
nesting populations have been identified in the U.S. Virgin Islands, Puerto Rico, Georgia, South 
Carolina, and North Carolina (USFWS, 2003b). NCDENR reports that the green sea turtle has 
been observed in Brunswick, Carteret, Dare, Hyde, New Hanover, Onslow, and Pender Counties. 
While green sea turtles have been sighted, primarily from spring through fall, along the entire 
North Carolina coastline, nesting activities have only been observed in Onslow, Brunswick, and 
Hyde Counties. According to data supplied by the State, no green turtle nests have been recorded 
on Ocean Isle Beach or Holden Beach between 2009 and 2012 (Godfrey, pers. comm.).  
 

 Hawksbill Sea Turtle  
The Hawksbill sea turtle was listed as endangered in 
1970. The hawksbill is also internationally protected 
under Appendix 1 of the Convention on International 
Trade in Endangered Species of Wild Fauna and Flora 
(CITES) (NMFS, 2007). A Critical Habitat designation 
has also been identified for the waters surrounding Mona 
and Monito Islands of Puerto Rico. These islands provide 
primary foraging habitat for several life stages for this 
species (NMFS, 2007; USFWS, 2003c). 
 
Hawksbill turtles are usually found in tropical and 
subtropical waters of the Atlantic, Pacific and Indian 
Oceans occurring from 30°N to 30°S latitude (NMFS, 2007). These turtles are widely distributed 
in the Caribbean and the western Atlantic Ocean. Hawksbill turtles prefer the clear shallow 
waters of coral reefs, creeks, estuaries and lagoons in tropical areas. Their diet primarily consists 
of sponges but also includes algae, fish, mollusks, and other benthic species found in the 
nearshore zone. Adults may reach up to 0.9 m (3 ft) in length and weigh on average about 136 kg 
(300 pounds) (USFWS, 2003c). 
 
Hawksbill neonate behavior is similar to other sea turtles; they remain pelagic for several years 
before returning to coral reef habitats. Juveniles move from pelagic to coastal habitats at a much 
smaller size than other turtles (20 to 25 cm [to 10 in] carapace length) (Lutcavage and Musick, 
1985). Juveniles are not often seen in waters deeper than 19.8 m (65 f) (Witzell, 1983), however 

Hawksbill sea turtle 
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they are frequently associated with floating Sargassum in the open ocean (Musick and Limpus, 
1997). 
 
Within the U.S., hawksbill turtles are most common in the waters surrounding Puerto Rico, U.S. 
Virgin Islands and Florida (NMFS, 2007). Hawksbills are recorded in the continental U.S. from 
all the Gulf states and from the eastern seaboard as far north as Massachusetts, but sightings 
north of Florida are rare (NMFS, 2007).  The U.S. Fish and Wildlife Service North Carolina 
Office reports that the presence of hawksbill sea turtles along the North Carolina coast is rare 
(USFWS, 2007); therefore, none are expected to be present in the study area.  
 
The hawksbill has experienced major population decline with only five regional nesting 
populations remaining in the Seychelles, Mexico, Indonesia, and two in Australia (USFWS, 
2003c).  Nesting females lay on average 3-5 nests per season which contain 130 eggs per nest 
(NMFS, 2007).  Nesting season varies with locality, but most nesting occurs sometime between 
April and November (USFWS, 2003c). According to data supplied by the State, no hawksbill 
turtle nests have been recorded on Ocean Isle Beach or Holden Beach between 2009 and 2012 
(Godfrey, pers. comm.).  
 

 Kemp's Ridley Sea Turtle  
The Kemp’s ridley sea turtle has been listed as endangered 
under the Endangered Species Act since December 2, 1970 
(USFWS, 2003d). The range of Kemp’s ridley includes the 
Gulf coast of Mexico, the Atlantic coast of North America as 
far north as Newfoundland and Nova Scotia, and the Gulf coast 
of the U.S., especially Padre Island, Texas (USFWS, 2003d). 
Kemp’s ridley is the smallest of the eight species of sea turtles, 
averaging 35-45 kg (78-100 lbs) with an average length 
between 56 and 76 cm (22 and 30 in) (Marquez, 1994; 
USFWS, 2003d). As juveniles, Kemp’s ridley turtles feed 
primarily on crabs, clams, mussels, and shrimp and are most 
commonly found in productive coastal and estuarine areas. 
Recruitment from pelagic habitats occurs at a carapace size 
between 20 and 25 cm (7.9 and 9.8 in) (Lutcavage and Musick, 1985).  
 
Hatchlings are dispersed within the Gulf and Atlantic by oceanic surface currents. According to 
the U.S. Fish and Wildlife Service, rare nesting events have been recorded in Florida, South 
Carolina and North Carolina (USFWS, 2003d). Most sea turtle species are widely distributed; 
however, the Kemp's ridley is mostly restricted to the Gulf of Mexico (Miller, 1997). They have 
also been sighted in shallow coastal waters along the east coast of the United States.  
 
As reported by the USACE (2006):  

..Kemp’s ridley sea turtle is commonly observed migrating within North Carolina inshore 
waters during the spring and fall, but has been documented to nest only once in North 
Carolina, on Oak Island in 1992 (Godfrey, pers. comm). 

 
Kemp's ridley turtles are also occasionally found stranded on the beaches of North Carolina 

Kemp's ridley sea turtle 
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(Mihnovets, 2003). These strandings may be attributed to the juvenile sea turtles getting caught 
in the southern Gulf of Mexico loop current that eventually moves these turtles east and north up 
the eastern Atlantic coast (Musick and Limpus, 1997). Conservation measures initiated in the 
late 1970's are thought to be contributing to the Kemp's ridley population recovery; however, the 
Kemp's ridley sea turtle still remains the rarest sea turtle in the world (Pritchard, 1997). 
According to data supplied by the state, no Kemp’s ridley turtle nests have been recorded on 
Ocean Isle Beach or Holden Beach between 2009 and 2012 (Godfrey, pers. comm.).  
 

 Leatherback Sea Turtle 
The leatherback sea turtle was listed as an endangered 
species on June 02, 1970 (under a law that preceded the 
Endangered Species Act of 1973), and then listed as 
endangered throughout its range in the United States 
under the Endangered Species Act of 1973 (NMFS, 
2007). A Critical Habitat designation is listed for Sandy 
Point, St. Croix, U.S Virgin Islands and surrounding 
waters (NMFS, 2007; USFWS, 2003e).  
 
The U.S. range of the leatherback extends from Nova 
Scotia south to Puerto Rico and the U.S. Virgin Islands. 
Small nesting populations occur in Florida, St. Croix, and 
Puerto Rico (USFWS, 2003e). Although nesting in the State of North Carolina is rare, Rabon et 
al. (2003) confirmed seven leatherback turtle nests between Cape Lookout and Cape Hatteras. 
The nesting frequency included two nests in 1998, four nests in 2000, and one nest in 2002. 
Leatherback sea turtles nest an average of five to seven times within a nesting season, with an 
observed maximum of 11 nests. The average inter-nesting interval is about 9-10 days (USFWS, 
2003e). While infrequently found in inshore waters, Epperly et al. (1995) reported that, on 
average, 15 leatherback sea turtles per year were sighted in inshore waters (within three miles of 
shore) of North Carolina between 1989 and 1992.  According to Epperly et al. (1995) these 
inshore sightings coincide with the appearance of jellyfish and diminish by late June. The 
NCWRC (Everhart, 2007) reported a leatherback false crawl in North Carolina in 2007. 
According to data supplied by the State, no leatherback turtle nests have been recorded on Ocean 
Isle Beach or Holden Beach between 2009 and 2012 (Godfrey, pers. comm.).  
 

 Loggerhead Sea Turtle  
The loggerhead sea turtle has been listed in the Federal Register 
as threatened throughout its range since July 28, 1978 
(USFWS, 2003f). Loggerheads are large reddish-brown turtles 
weighing between 91-159 kilograms (200-350 lbs) (Pritchard, 
1997).   Adult loggerheads nest at night along sandy beaches 
and may nest from one to seven times within a nesting season 
(USFWS, 2003f). The average nest depth for loggerhead sea 
turtles is 61 cm (24 inches). Loggerhead sea turtles are the only 
marine sea turtles that have been reported to nest predominantly 
outside of the tropics (Bolten and Witherington, 2003).  
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Hatchling loggerheads migrate offshore into circular oceanic current systems (gyres) and are 
often found in drifting masses of Sargassum macroalgae until they have grown to be much larger 
juveniles (Carr, 1967; Fletmeyer, 1978). Loggerhead sea turtles will remain within the gyre for 
several years before leaving their pelagic habitats to return to their coastal foraging and nesting 
habitats (Klinger and Musick, 1995; Bolten et al., 1993). Recruitment into coastal habitats occurs 
when their carapace length is between 25 and 70 cm (9.8 and 27.5 in) (Lutcavage and Musick, 
1985; Bolten et al., 1993).  
 
Five (5) nesting subpopulations in the western North Atlantic have been identified through 
genetic DNA analysis and include: 1) the Northern subpopulation from North Carolina to 
Northeast Florida; 2) the South Florida subpopulation north of Cape Canaveral, following the 
eastern coastline south and around to Sarasota on Florida's west coast; 3) the Dry Tortugas, 
Florida, subpopulation; 4) the Northwest Florida subpopulation, found along the panhandle of 
Florida's northwest coast; and 5) the Yucatán subpopulation, which includes the eastern Yucatán 
Peninsula, Mexico (USFWS, 2003f).  
 
Eighty percent (80%) of all loggerhead nesting that occurs in the southeastern U.S. takes place in 
Florida. Loggerhead sea turtle nesting occurs to a lesser extent on suitable beaches on islands off 
the Gulf States and along the entire North Carolina coastline, including Brunswick County where 
the study area is located (USFWS, 2003f). The Fish and Wildlife Service reported that although 
declines in nesting since the 1970's have been documented, no long-term trend data is available 
for the Northern subpopulation (USFWS, 2003f). Bolten and Witherington (2003) reported that 
studies on the Northern subpopulation from 1989 to 1998 illustrated a stable or declining 
population trend.  
 
Loggerhead nesting data for the study area on Ocean Isle Beach, North Carolina from 2009 to 
2012 shows an average of 23.5 nests per year. Table 4.4 includes the number of loggerhead sea 
turtle nests that were documented between 2009 and 2012 on Ocean Isle Beach and Holden 
Beach, North Carolina (Godfrey, pers. comm.). Figures 4.6 - 4.9 depict the distribution of nests 
along the beaches within and in proximity to the Permit Area. Godfrey (pers. comm.) expressed 
the difficulties in reporting sea turtle population and nesting trends since the availability of 
observers and consistency in data collection can contribute to the unreliability of the data.  
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Table 4.4.  Number of Loggerhead Sea Turtle Nests Documented in defined Permit Area, Ocean Isle Beach 
and Holden Beach, NC, 2009-2012 (Godfrey, pers. comm., 2012) 

Loggerhead Sea Turtle (Caretta caretta) 
Year Ocean Isle Beach Holden Beach* 
2009 25 23 
2010 23 30 
2011 22 30 
2012 24 46 

  *Data for Holden Beach reflects total number nests documented for 
  entire beach, including those outside of the Permit Area. 
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Figure 4.6. 2009 Loggerhead sea turtle nests within and in proximity of the Permit Area.

Notes: 
1. Coordinates are in feet based on the North Carolina 

State Plane Coordinate System, North American 
Datum of 1983 (NAD 83). 

2. 2012 background imagery is from the USDA National 
Agricultural Imagery Program. 

3. Sea turtle nest observations were provided by 
Dr. Matthew Godfrey with North Carolina 
Wildlife Resource Commission. 
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Figure 4.7. 2010 Loggerhead sea turtle nests within and in proximity of the Permit Area. 
 

Notes: 
1. Coordinates are in feet based on the North Carolina 

State Plane Coordinate System, North American 
Datum of 1983 (NAD 83). 

2. 2012 background imagery is from the USDA National 
Agricultural Imagery Program. 

3. Sea turtle nest observations were provided by 
Dr. Matthew Godfrey with North Carolina 
Wildlife Resource Commission. 
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Figure 4.8. 2011 Loggerhead sea turtle nests within and in proximity of the Permit Area. 

Notes: 
1. Coordinates are in feet based on the North Carolina 

State Plane Coordinate System, North American 
Datum of 1983 (NAD 83). 

2 . 2012 background imagery is from the USDA National 
Agricultural Imagery Program. 

3. Sea turtle nest observations were provided by 
Dr. Matthew Godfrey with North Carolina 
Wildlife Resource Commission. 
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Figure 4.9. 2012 Loggerhead sea turtle nests within and in proximity of the Permit Area. 
 

Notes: 
1. Coordinates are in feet based on the North Carolina 

State Plane Coordinate System, North American 
Datum of 1983 (NAD 83). 

2. 2012 background imagery is from the USDA National 
Agricultural Imagery Program. 

3. Sea turtle nest observations were provided by 
Dr. Matthew Godfrey with North Carolina 
Wildlife Resource Commission. 
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On July 10, 2014, the USFWS designated 1,189.9 km of the western Atlantic and Gulf of 
Mexico coastlines as terrestrial critical habitat for the Northwest Atlantic Ocean Distinct 
Population Segment (NWA DPS) of loggerhead sea turtles. This included 90 units of critical 
habitat throughout the coastal counties of North Carolina, South Carolina, Georgia, Florida, 
Alabama, and Mississippi. The rule designates only specific areas of the terrestrial environment 
within each of the units as critical habitat based on the presence of primary biological features 
(PBFs) and primary constituent elements (PCEs) deemed essential for conservation of 
loggerheads. The USFWS describes the PBFs of terrestrial habitat for loggerheads as 1) sites for 
breeding, reproduction or development of offspring, and 2) habitats protected from disturbance 
or representative of the historical, geographic, and ecological distributions. PCE’s are the 
specific elements of the physical or biological features that provide for a species’ life history 
processes. For the loggerhead NWA DPS, three PCE’s were defined: 
 

 Suitable nesting beach habitat that has (a) relatively unimpeded nearshore access from the 
ocean to the beach for nesting females and from the beach to the ocean for post-nesting 
females and hatchlings and (b) is located above MHW to avoid being inundated 
frequently by high tides  

 Sand that allows for suitable nest construction, (b) is suitable for facilitating gas diffusion 
conducive to embryo development, and (c) is able to develop and maintain temperatures 
and moisture content conducive to embryo development. 

 Suitable nesting beach habitat with sufficient darkness to ensure nesting turtles are not 
deterred from emerging onto the beach and hatchlings and post-nesting females orient to 
the sea (78 FR 18000) 

 
A portion of the Permit Area falls within the unit LOGG-T-NC-08, which encompasses 13.4 km 
(8.3 miles) of shoreline along Holden Beach (Figure 4.10). The habitat within this unit extends 
from the Lockwoods Folly Inlet to Shallotte Inlet and includes lands from the Mean High Water 
(MHW) line to the toe of the secondary dune or developed structures. This unit supports 
expansion of nesting from the adjacent unit LOGG-T-NC-07, which has high density nesting by 
loggerheads. Unit LOGG-T-NC-08 contains all the PBFs and PCEs considered essential to the 
conservation of this species (78 FR 18000).  
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Figure 4.10. USFWS Critical Habitat Units LOGG-T-NC-05, -06, -07, and -08. The Permit Area 
includes a section of the Holden Beach shoreline, within unit LOGG-T-NC-08 (78 FR 18000).  
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Additionally, on July 10, 2014, NMFS designated marine critical habitat for the loggerhead sea 
turtle NWA DPS within the Atlantic Ocean and the Gulf of Mexico. Specific areas include 36 
occupied marine areas within the range of the NWA DPS. The NMFS defined habitats essential 
to conservation of this DPS as neritic (which includes nearshore reproductive, foraging, winter, 
breeding, and migratory habitats) as well as Sargassum habitat.  
 
PBFs and PCEs for neritic habitat  
NMFS identified PFBs and PCEs for each of the neritic and Sargassum habitats, which are 
summarized as follows (Refer to 78 FR 46005 for detailed descriptions of each element):   
 

 Nearshore reproductive habitat PBF is the portion of nearshore waters adjacent to nesting 
beaches. PCEs include waters offshore the highest density nesting beaches that are free of 
obstruction or artificial lighting, as well as manmade structures. 

 Foraging habitat PBFs include continental shelf or estuarine waters frequently used by 
adults or juveniles for foraging. PCEs include sufficient prey availability and water 
temperatures above 10°C. 

 Winter habitat PBF includes warm water habitat south of Cape Hatteras, NC near the 
western edge of the Gulf Stream used during winter months. PCE’s include waters above 
10°C from November through April, shelf waters near the western boundary of the Gulf 
Stream, and depths between 20 and 100 m. 

 Breeding habitat PBFs include areas supporting high concentrations of reproductive male 
and female loggerheads. Proximity to the primary Florida migratory corridor and Florida 
nesting grounds are considered PCEs. 

 Migratory habitat PBF is defined as high use, narrow migratory corridors bounded by 
land and the western edge of the Gulf Stream. PCEs include constricted corridors that 
concentrate migratory pathways, and passage conditions to allow for movement between 
nesting, breeding, and foraging areas.  

 Sargassum PBF includes developmental and foraging habitat for juvenile loggerheads 
where surface waters form accumulations of floating Sargassum and other material. PCEs 
include areas where Sargassum community components are concentrated (e.g. 
convergence zones and downwelling areas) that have water temperatures suitable for 
Sargassum and loggerheads.  

 
A portion of the Permit Area (specifically, the westernmost end of Holden Beach) falls within 
critical habitat unit LOGG-N-5, which encompasses nearshore reproductive habitat for the 
loggerhead sea turtle from Carolina Beach Inlet , around Cape Fear to Shallotte Inlet, from the 
MHW line seaward 1.6 km. This unit contains areas adjacent to high density nearshore 
reproductive habitat (including Holden Beach and high density nearshore reproductive habitat of 
loggerhead sea turtles within North Carolina (78 FR 43006) (Figure 4.11). 
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Figure 4.11. NMFS proposed critical habitat units LOGG-N-04 and LOGG-N-05. The Permit Area falls 
within the unit LOGG-N-05 (78 FR 43006). 

2. Terrapins 
The Carolina diamondback terrapin (Malaclemys terrapin 
centrata) is State and Federally listed as a Species of Special 
Concern. They are commonly found within the inshore waters 
of North Carolina. This subspecies ranges from Cape Hatteras 
to northeastern Florida and tolerates a wide range of salinities 
(Robinson and Dunson, 1975). They are the only North 
American turtle species native to brackish waters and are 
commonly found in salt marshes, impoundments, tidal creeks, 
lagoons and mud flats. These areas serve as central feeding 
grounds for this species throughout most of the year. 
Carolina diamondbacks are primarily carnivorous, feeding 

Carolina diamondback 
terrapin  
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upon crabs, snails and nereid worms.  
 
During the winter months, Carolina diamondback terrapins hibernate in the muddy burrows 
along the embankments of tidal creeks. Nesting typically occurs after the mating season in May. 
Females build nests in sandy substrates above the high tide mark during the months of May and 
June and eggs are left to incubate for 60 to 120 days depending upon temperature conditions 
within the nest (Martof et al., 1980). Unlike sea turtles, emergence takes place during the day 
and hatching diamondback terrapins move to the surrounding vegetation rather than out to sea. It 
has been reported that juvenile terrapins (2.5 to 7 mm [1 to 3 in]) spend their time out of water 
living beneath surface debris and matted Spartina grasses, rarely entering open water. Adult 
terrapins spend their summer months in full marine conditions and other times of the year are 
spent in submerged mud and brackish water (Davenport, 1992). 
 
B. Mammals 
 
1. West Indian Manatees 
The West Indian manatee (Trichechus manatus) is listed as a 
Federally protected species under the ESA and the Marine 
Mammal Protection Act of 1972. The average size of an adult 
manatee is 10 feet, weighing approximately 2,200 lbs and 
typically referred to as the "sea cow."  
 
West Indian Manatees are rare visitors to the Ocean Isle Beach 
area, however, manatee sightings have been reported in the 
Atlantic Intracoastal Waterway including observations north of 
State Highway 101, July 2000; Beaufort waterfront and near 
Calico Creek, August 1999; Hammocks Beach State Park, June 
1998; Sportsman Pier in Atlantic Beach, August 1994; US Coast Guard Station at Fort Macon, 
August 1994; Barden Inlet, November 1992; Peletier Creek, October 1990; and the west end of 
Shackleford Banks, August 1983. All of these observations occurred in Carteret County. Though 
none of these sightings occurred within the project vicinity, it is likely that manatees transit 
through the region since sightings occurred north of Ocean Isle Beach. Due to a lack of existing 
literature on the number of manatees utilizing the coastal waters of North Carolina, it is difficult 
to determine the number of manatees utilizing the nearshore waters of the Cape Fear region and 
the study area. 
 
2. Whales  
Blue, finback, humpback, North Atlantic right, sei, and sperm whales all occur infrequently in 
the ocean off the coast of North Carolina. Of these, only the North Atlantic Right (NARW) and 
the humpback whale come close enough inshore to encounter the Permit Area, therefore the 
following discussion will only consider these two species in greater detail. Both the humpback 
whale and the right whale are Federally listed as endangered.  

West Indian manatee 
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 Humpback Whales 

Humpback whales (Megaptera novaeangliae) were listed as 
Federally endangered throughout their range on June 2, 1970 
under the Endangered Species Act and are considered 
“depleted” under the Marine Mammal Protection Act. The 
North Atlantic population of the humpback whale is estimated 
at 10,600 individuals (Waring et al., 1999), however the 
minimum population estimates for the Gulf of Maine stock is 
647 individuals (NMFS, 1991a). 
 
Humpbacks are found in protected waters over shallow bars and shelf waters, which are used for 
breeding and feeding. They migrate towards the poles in the summer and toward the tropics in 
the winter to breeding and birthing grounds. Humpbacks visit the North Carolina coast during 
the migratory season, especially between the months of December and April (Conant, 1993). 
Migrating humpbacks can be found nearshore, but probably migrate well offshore of the study 
area to their principal wintering range (NMFS, 1991a). 
 

 Right Whales 
The right whale (Baleana glacialis) is considered the world’s 
most Endangered large whale, with a total population of only 
around 300 individuals. Recent models predict this population 
will be extinct in less than 200 years (NMFS, 2006). The North 
Atlantic right whale utilizes six (6) major habitats or 
congregation areas including the coastal waters of the 
southeastern United States, the Great South Channel, Georges 
Bank/Gulf of Maine, Cape Cod and Massachusetts Bays, the 
Bay of Fundy and the Scotian Shelf. The southeastern United 
States (Charleston, SC to the east coast of Florida) is considered 
Critical Habitat for the right whale because of these calving 
grounds (NMFS, 1991b). A Critical Habitat designation 
recognizes specific areas “that are essential to the conservation 
of a listed species, and that may require species management 
considerations or protection”. During late winter and early 
spring, right whales begin moving north past the North Carolina coast (this includes cow/calf 
pairs and others wintering south of Cape Hatteras). Southerly migration to wintering areas south 
of Cape Hatteras begins as early as October (NMFS, 1991b). Right whales have been 
documented along the North Carolina coast between December and April with the majority of 
sightings reported between mid to late March. It is unclear as to the frequency with which right 
whales occur in offshore waters in the southeastern United States (NMFS, 1991b). The Right 
Whale Program of the New England Aquarium reported that 93% of all North Carolina sightings 
between 1976 and 1992 occurred between mid-October and mid-April (Slay, 1993). Typically, 
when spotted, right whales are observed very close to the shoreline only a few hundred meters 
offshore (Schmidly, 1981). 

 

Right whale and calf 

 

Humpback whale 

 

 

http://upload.wikimedia.org/wikipedia/commons/6/6a/Eubalaena_glacialis_with_calf.jpg
http://en.wikipedia.org/wiki/File:Humpback_Whale_underwater_shot.jpg


 

DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 
  89 

Aerial surveys were performed by University of North Carolina, Wilmington to monitor North 
Atlantic right whales (Eubalaena glacialis) between October 2005 to August 2006 and February 
to June 2008. Observations were noted along the flight paths for right whales as well as several 
other species (Figure 4.12). 
 



 

DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 
  90 

 
Figure 4.12. Right Whale Sightings in Proximity to the Permit Area. 
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C. Fish 
 
1. Shortnose Sturgeon 
The shortnose sturgeon, Acipenser brevirostrum, 
was listed as endangered on March 11, 1967 
under the Endangered Species Preservation Act 
of 1966 (a predecessor to the Endangered 
Species Act of 1973). NMFS later assumed 
jurisdiction for shortnose sturgeon under a 1974 
government reorganization plan (38 FR 41370) 
(NOAA, 2007). Shortnose sturgeon is the 
smallest of the three sturgeon species that are 
found in eastern North America, rarely 
exceeding a length of 1.1 m (3.5 ft) and a weight of 6.4 kg (14 lbs) (NMFS, 1998). Shortnose 
sturgeon are bottom feeders, typically feeding on crustaceans, insect larvae, worms, mollusks, 
and some plants (NMFS, 1998). They appear to feed in either freshwater riverine habitats or near 
the freshwater/saltwater interface. This species is anadromous, primarily utilizing riverine and 
estuarine habitats, migrating between freshwater and mesohaline river reaches. Spawning occurs 
in upper, freshwater areas, typically in January and February, while feeding and overwintering 
activities may occur in both fresh and saline habitats. Aside from seasonal migrations to 
estuarine waters, this species rarely occurs in the marine environment (NMFS, 1998; Atlantic 
Sturgeon Status Review Team, 2007).  
 
The shortnose sturgeon inhabits lower sections of rivers and coastal waters along the Atlantic 
coast from the St. John River in New Brunswick, Canada to the St. Johns River, Florida (NOAA, 
2007). The NMFS federal recovery plan (1998) for the endangered shortnose sturgeon identifies 
19 distinct population segments, each defined as a river/estuarine system in which these fish 
have been captured within the generation time of the species (30 years). This species is 
significantly more common in northern portions of its range. Shortnose sturgeon are found in 
rivers, estuaries, and the sea, but populations are most often confined to natal rivers and estuaries 
(NMFS, 1998). Those shortnose sturgeon captured in the ocean are usually taken close to shore, 
in high salinity environments; there are no records of shortnose sturgeon in the NMFS database 
for the northeast offshore bottom trawl survey (NMFS, 1998).  
 
There are few confirmed historical reports of shortnose sturgeon captures. Because fishermen 
and scientists often confused shortnose sturgeon with Atlantic sturgeon, there are no reliable 
estimates of historical population sizes (NMFS, 1998). There are several reports of shortnose 
sturgeon taken in North Carolina in the early 1800s, but the distribution and status of this species 
has not been fully documented in North Carolina. No shortnose sturgeon were reported in North 
Carolina waters between 1881 and 1987. Since then, several shortnose sturgeon have been 
caught in the Brunswick and Cape Fear rivers by commercial fishermen. A single fish was 
caught in the Pee Dee River, and it is now believed that a shortnose sturgeon population may 
also exist in western Albermarle Sound (NCWRC, 2007). With this discovery, the species is 
once again considered to be a part of the State's fauna; however, because of the lack of suitable 
freshwater spawning areas in the proposed project area and the requirement of low salinity 
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waters by juveniles, any shortnose sturgeons present would most likely be non-spawning adults 
(NMFS, 1998). 
 
2. Atlantic Sturgeon 
In 2009, the Natural Resources Defense Council 
(NRDC) petitioned NMFS to list the Atlantic 
sturgeon (Acipenser oxyrinchus) under the 
Endangered Species Act of 1973 (ESA). As a 
result of the petition, on February 6, 2012, the 
Carolina Distinct Population Segment (DPS) for 
Atlantic sturgeon has been designated as 
endangered under the ESA. Atlantic sturgeon are 
similar in appearance to shortnose sturgeon (Acipenser brevirostrum), but can be distinguished 
by their larger size, smaller mouth, different snout shape, and scutes (NMFS, 2011). The Atlantic 
sturgeon is a long-lived, estuarine dependent, anadromous fish. They are benthic feeders and 
typically forage on invertebrates including crustaceans, worms, and mollusks. Atlantic sturgeon 
can grow to approximately 14 feet (4.3 m) long and can weigh up to 800 lbs (370 kg) (NMFS, 
2011). They are bluish-black or olive brown dorsally (on their back) with paler sides and a white 
belly. Spawning adults migrate upriver in spring, beginning in February-March in the south, 
April-May in the mid-Atlantic, and May-June in Canadian waters. In some areas, a small 
spawning migration may also occur in the fall. Spawning occurs in flowing water between the 
salt front and fall line of large rivers (NMFS, 2011). Atlantic sturgeon spawning intervals range 
from 1 to 5 years for males and 2 to 5 years for females (NMFS, 2011). 
 
Adults range from Hamilton Inlet, Labrador (Scott and Scott, 1988) south to the St. Johns River 
in Florida (Vladykov and Greeley 1963). Following spawning, males may remain in the river or 
lower estuary until the fall; females typically exit the rivers within four to six weeks. Juveniles 
move downstream and inhabit brackish waters for a few months and when they reach a size of 
about 30 to 36 inches (76-92 cm) they move into nearshore coastal waters (Smith, 1985).  
 
Tagging data indicates that these immature Atlantic sturgeon travel widely once they emigrate 
from their natal (birth) rivers. Although Atlantic sturgeon are regularly caught in North Carolina, 
details of their distribution patterns and habitat preferences are unknown (Ross et al., 1988). 
Atlantic sturgeon have been reported in the Atlantic Ocean off South Carolina in months of low 
water temperatures (November–April) from nearshore to well offshore in depths up to 40 m 
(Collins and Smith, 1997). Moser et al. (1998) obtained sturgeon records from Federal, private, 
and State surveys and documented use of nearshore Atlantic Ocean habitats from the 
North/South Carolina state line to off the mouth of Chesapeake Bay. Stein et al. (2004) found 
peak Atlantic sturgeon captures along the coast in 10–50 m depths. A study conducted between 
1988 and 2006 examined the offshore distribution of Atlantic sturgeon based on incidental 
captures in winter tagging cruises conducted off the coasts of Virginia and North Carolina, 
including in and near extensive sand shoals adjacent to Oregon Inlet and Cape Hatteras. A total 
of 146 juvenile Atlantic sturgeon were captured during this investigation by bottom trawling in 
depths from 9.1 to 21.3m (Laney et al, 2007). Many of the fish were captured over sandy 
substrate which coincides with results observed in several other studies (Laney et al., 2007). In a 
tagging study conducted by Moser and Ross (1995), 100 juvenile Atlantic sturgeon were 
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captured within the Cape Fear River. Of these, four (4) fish were observed moving from the river 
into the ocean and were caught in gill nets set from shore at Carolina Beach, Kure Beach, and Ft. 
Fisher (Moser and Ross, 1995).  Therefore, these fish are known to frequent nearshore waters in 
proximity to the Cape Fear River.  
 
D. Plants 
 
Seabeach Amaranth 
Seabeach amaranth (Amaranthus pumilus) is Federally and 
State-listed as threatened. It grows in low clumps comprised 
of sprawling, fleshy, reddish branches with dark leaves. The 
plant is profusely branched and generally grows to 1 m (39 
in) in diameter. Historically, this species was found from 
Massachusetts to South Carolina, but according to USACE 
surveys between 1992 and 2004 (unpublished data), its 
distribution is now limited to North and South Carolina with 
some populations on Long Island, New York (USACE, 
2006).  
 
Seabeach amaranth is an effective sand binder, building dunes where it grows. A single large 
plant may be capable of creating a dune up to 60 cm high, containing 2 to 3 cu m of sand, 
although most are smaller (Weakley and Bucher, 1992). The plant is typically found at elevations 
from 0.2 m to 1.5 m (0.6 ft to 4.9 ft) above mean high tide (Weakly and Bucher, 1992). Seabeach 
amaranth appears to function in a relatively natural and dynamic manner, allowing it to occupy 
suitable habitat as it becomes available (USFWS, 1993).  
 
As part of the monitoring associated with the Federal storm damage reduction project, Ocean Isle 
Beach has been surveyed by the USACE for seabeach amaranth since 1992 (Piatkowski, pers. 
comm.). A total of 2,362 plants (ranging from 4 to 819 each year) have been recorded on Ocean 
Isle Beach (Table 4.5 and Figure 4.13) (Piatkowski, pers. comm.). Seabeach amaranth 
experiences a great deal of natural population variability from one year to the next, as is evident 
by survey results (Table 4.5 and Figure 4.13). These natural fluctuations can be attributed to a 
number of factors, such as erosion, storms and seed dispersal. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Seabeach amaranth 
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Table 4.5. Ocean Isle Beach USACE annual Seabeach amaranth data (1992 to 2011) 

Year Seabeach amaranth 
(Amaranthus pumilus) Year Seabeach amaranth 

(Amaranthus pumilus) 
1992 5 2002 45 

1993 15 2003 206 

1994 112 2004 49 

1995 22 2005 545 

1996 819 2006 337 

1997 7 2007 20 

1998 11 2008 110 

1999 5 2009 36 

2000 4 2010 4 

2001 5 2011 5 
Total 1005 Total 2,362 
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Figure 4.13. Seabeach amaranth distribution within the Permit Area 
 
 

Notes: 
1. Coordinates are in feet based on the 

North Carolina State Plane Coordinate System, 
North American Datum of 1983 (NAD 83). 

2. 2012 background imagery is from the United 
States Department of Agriculture National 
Agricultural Imagery Program. 

3. Seabeach Amaranth data provided by 
United States Army Corps of Engineers. 

Legend: 
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0 2,500 5,000 

···-====:~Feet 
1 inch = 5,000 feet 



 

DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 
  96 

E. Birds 
 
The following section reviews and describes threatened and endangered bird species, both 
breeding and non-breeding, that have been documented within the Permit Area and/or within the 
vicinity of the project site. Bird species of special concern and of high conservation priority in 
North Carolina are also listed and discussed.  
 
The North Carolina Wildlife Resource Commission and partners have performed breeding 
surveys for colonial nesting waterbirds within proximity to the Permit Area on a regular basis 
since 1977. Specifically, surveys have been conducted along the eastern and western portion of 
the island in proximity to Tubbs Inlet and Shallotte Inlet. Surveys for breeding piping plovers 
have been conducted since 1989 at the same locations. Surveys for non-breeding piping plovers 
have been conducted in more recent years. These surveys include data from breeding and non-
breeding seasons for several listed bird species as well as other shorebirds and waterbirds.      
 
1. Piping Plover 
The piping plover (Charadrius melodus) was Federally listed in 
1986 under the Endangered Species Act of 1973, as amended 
with three separate breeding populations in North America: 1) 
the Atlantic Coast population (threatened), 2) the Northern 
Great Plains population (threatened), and 3) the Great Lakes 
population (endangered). Piping plovers are also listed as 
threatened throughout their wintering range (USFWS, 1996). 
All three populations migrate to the coastal shorelines of the 
South Atlantic, Gulf of Mexico and the beaches of the 
Caribbean Islands to winter (USFWS, 2007). 
 
The habitat for wintering piping plover is protected under a Critical Habitat listing as identified 
by the ESA. On July 10, 2002, 137 areas along the coasts of North Carolina, South Carolina, 
Georgia, Florida, Alabama, Mississippi, Louisiana, and Texas were designated as Critical 
Habitat for wintering piping plover. Critical Habitat designation for North Carolina wintering 
piping plover includes a portion of Holden Beach and Shallotte Inlet in Unit NC-17 (Figure 
4.14), which is described by the USFWS as follows (USFWS, 2001):  
 

This unit begins just west of Skimmer Court on the western end of Holden Beach. It 
includes land south of SR 1116, to where densely vegetated habitat, not used by the 
piping plover, begins and where the constituent elements no longer occur to the MLLW 
along the Atlantic Ocean. It includes the contiguous shoreline from MLLW to where 
densely vegetated habitat, not used by the piping plover, begins and where the constituent 
elements no longer occur along the Atlantic Ocean, Shallotte Inlet, and Intracoastal 
Waterway stopping north of Skimmer Court Road. The unnamed island and emergent 
sandbars to MLLW within Shallotte Inlet are also included. 

Piping plover 
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Figure 4.14. Piping Plover Critical Habitat Unit NC-17 in Proximity to the Permit Area.  

Notes: 
1. Coordinates are in feet based on the North Carolina 

State Plane Coordinate System, North American 
Datum of 1983 (NAD 83). 

2. 2012 background imagery is from the USDA National 
Agricultural Imagery Program. 

3. Piping plover critical habitat was published by the 
U.S. Fish & Wildlife Service July 10, 2001. 

Legend: 
Piping Plover 
Critical Habitat 
(Unit NC-17) 
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Although wintering piping plover Critical Habitat exists within the Permit Area, this species also 
nests in the region. Piping plovers nest in dry sand habitats above the high tide line along coastal 
beaches, spits, flats, barrier islands and other sparsely vegetated dune and beach environments, 
although they may utilize other shoreline habitats if these are not available. Their nests are 
comprised of sand and shell material making them well camouflaged, with an average clutch size 
of three to four eggs (USFWS, 1996).  
 
The North Carolina coastline is important to piping plovers since it provides habitat for 
wintering, breeding, and migration. Piping plovers have been documented arriving on their 
breeding grounds in North Carolina beginning as early as mid-March. By mid-July, adults and 
young may begin to depart for their wintering areas. The piping plover is present year round in 
North Carolina and utilizes the coastal habitats for foraging, roosting, nesting, wintering and 
migrating (Cameron pers. comm., 2007).    
  
In 1990 the USFWS (2008) counted fewer than 1,000 piping plover nests in the Atlantic Coast 
population (including Canada). By 1996, a total of 1,348 breeding pairs were documented. The 
number of breeding pairs has continued to steadily increase, reaching 1,438 pairs in 2000 and 
1,690 pairs in 2002 (USFWS, 2008). The number of piping plover breeding pairs in North 
Carolina decreased from 55 pairs in 1989 to 24 pairs in 2003.  However, estimates indicate a 
slight increase occurred in breeding pairs to 37 in 2005 and 46 in 2006 (USFWS, 2008).  
 
NCWRC and partners have conducted shorebird surveys along portions of Ocean Isle Beach 
since annually since 1987. The focus of the monitoring effort has been concentrated in proximity 
to Tubbs Inlet and Shallotte Inlet (Schweitzer, pers. comm). These surveys were conducted 
opportunistically during the breeding season, fall migration, winter, and spring migration, 
however most years did not include surveys during each season (Table 4.6). In total, 49 
individual piping plovers and four (4) breeding pairs were observed in these locations between 
1987 and 2010 (Schweitzer, pers. comm.) (Table 4.6). This data suggests that the areas in 
proximity to the inlets on Ocean Isle Beach provide important habitat for piping plovers. 
 
Table 4.6. Piping Plover Survey Data (1987-2009) for Ocean Isle Beach  

Year Season Number of birds Number of breeding pairs 

1987 Winter 0  
 Spring Migration No Data  
 Breeding No Data No Data 
 Fall Migration No Data  

1989 Winter No Data  
 Spring Migration No Data  
 Breeding 0 0 
 Fall Migration No Data  

1990 Winter No Data  
 Spring Migration 0  
 Breeding No Data No Data 
 Fall Migration No Data  

1991 Winter 0  



 

DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 
  99 

Year Season Number of birds Number of breeding pairs 

 Spring Migration No Data  
 Breeding 1 0 
 Fall Migration No Data  

1994 Winter No Data  
 Spring Migration No Data  
 Breeding 0 0 
 Fall Migration No Data  

1996 Winter 0  
 Spring Migration No Data  
 Breeding No Data No Data 
 Fall Migration No Data  

1997 Winter No Data  
 Spring Migration  No Data  
 Breeding 0 0 
 Fall Migration No Data  

1998 Winter No Data  
 Spring Migration No Data  
 Breeding 4 2 
 Fall Migration No Data  

1999 Winter No Data  
 Spring Migration No Data  
 Breeding 0 0 
 Fall Migration No Data  

2000 Winter No Data  
 Spring Migration No Data  
 Breeding 0 0 
 Fall Migration No Data  

2001 Winter 0  
 Spring Migration 4  
 Breeding 0 0 
 Fall Migration 2  

2002 Winter No Data  
 Spring Migration No Data  
 Breeding 0 0 
 Fall Migration 5  

2003 Winter No Data  
 Spring Migration No Data  
 Breeding 0 0 
 Fall Migration No Data  

2004 Winter No Data  
 Spring Migration No Data  
 Breeding 0 0 
 Fall Migration 2  

2005 Winter No Data  
 Spring Migration 4  
 Breeding 0 0 
 Fall Migration No Data  

2006 Winter 4  
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Year Season Number of birds Number of breeding pairs 

 Spring Migration No Data  
 Breeding 2 0 
 Fall Migration No Data  

2007 Winter No Data  
 Spring Migration 3  
 Breeding 4 2 
 Fall Migration 1  

2008 Winter 4  
 Spring Migration 2  
 Breeding 1 0 
 Fall Migration 4  

2009 Winter No Data  
 Spring Migration 2  
 Breeding No Data No Data 
 Fall Migration No Data  

 
2. Wilson’s Plover 
The Wilson’s plover (Charadrius wilsonia) is designated by 
the State of North Carolina as a Species of Special Concern  
(species which are determined by the NCWRC to require 
monitoring). This is a peripheral species (North Carolina lies 
at the periphery of its species range) requiring monitoring by 
the NCNHP. There is no Federal status for this species, and it 
is considered globally secure (G5 rank) (NCNHP, 2006). 
However, Wilson’s plovers are listed as species of high 
conservation concern in the US Shorebird Conservation Plan 
(Brown et al., 2001). Wilson’s plover breed in eastern and 
southern coastal areas of the United States and overwinter 
along the Florida Atlantic coast and Gulf coasts to northern South America. Shorebird surveys 
conducted between 1987 and 2009 along the easternmost and westernmost portions of Ocean Isle 
Beach resulted in a total of 23 breeding pairs of Wilson’s plovers during the breeding season 
(Schweitzer, pers. comm.). 
 
3. American Oystercatcher 
American oystercatchers (Haematopus palliatus) are State 
listed as a Species of Special Concern. However, the 
American oystercatcher is considered stable globally (G5), 
and is not Federally listed under the ESA. Along the western 
Atlantic coast, the eastern race of the American oystercatcher 
breeds from Massachusetts to Florida, with the highest 
concentrations from Virginia to Georgia (Humphrey, 1990). 
Since monitoring began in 1987, a total of four (4) nesting 
pairs of American Oystercatchers were observed on Ocean 
Isle Beach (Schweitzer, pers. comm.). 
 

Wilson’s Plover 

 

American oystercatcher 
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4. Common Tern 
The common tern (Sterna hirundo) is designated by the State of 
North Carolina as Species of Special Concern. There is no 
Federal status for this species, although the common tern is 
considered globally secure (G5 rank). Common terns seem to be 
undergoing a decline in the southeast and are therefore listed as 
a species of regional concern (Hunter et al., 2001). 
 
Common terns have experienced dramatic population declines 
in North Carolina and are currently down from their long-term 
average by 66% (Cameron et al. 2004). Common terns move 
frequently in response to changes in their highly ephemeral nesting habitat. No common terns 
were observed during NCWRC surveys along Ocean Isle Beach since 1987 (Schweitzer, pers. 
comm.). 
 
5. Gull-Billed Tern 
The gull-billed tern (Sterna nilotica) is designated by the State of 
North Carolina as threatened. There is no Federal status for this 
species, and it is considered globally secure (G5 rank). However, 
these terns are listed as species of high conservation concern 
(Kushlan et al., 2002).  
 
6. Black Skimmer 
The black skimmer (Rynchops niger) is designated by the State of 
North Carolina as a Species of Special Concern (species which are 
determined by the NCWRC to require monitoring). There is no 
Federal status for these species, although the black skimmer is 
considered globally secure (G5 rank) (Kushlan et al., 2002).  
 
NCWRC has conducted periodic coast-wide surveys of colonial 
nesting waterbirds since 1972. In 1995 and 2000, one (1) and ten 
(10) nests were observed, respectively, on the eastern portion of 
Sunset Beach in proximity to Tubbs Inlet. No black skimmer nests 
have been observed on portions of Ocean Isle Beach (Schweitzer, 
pers. comm.). 
 
7. Eastern Painted Bunting 
The Eastern painted bunting (Passerina ciris ciris) is State-
listed as a Species of Special Concern. The eastern 
population of painted bunting breeds in a restricted range 
within the Atlantic Coastal Plain, from North and South 
Carolina to Georgia and Florida. In North Carolina, eastern 
painted bunting breeding habitats are found in a narrow range 
along marine coasts and waterways (Audubon North 
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Carolina, 2007b). NCWRC Biologist Dave Allen described their habitat as “…early succession 
habitat such as shrubby areas with occasional shrubs, edge habitat and even marsh edges or 
marsh interior if some shrubs or trees are nearby. This includes some residential area” (Allen, 
pers. comm., 2007). 
 
A volunteer monitoring program has been established for the painted bunting in partnership 
between the University of North Carolina at Wilmington (UNCW), SCNDR, USFWS, and the 
North Carolina Museum of Natural Sciences. This goal of this program, called the Painted 
Bunting Observation Team (PBOT), is to observe, record, and catalogue sightings of painted 
buntings.  PBOT reports that the Eastern painted bunting has been observed all along the 
Brunswick County coast but specific data detailing observations is not available (Painted 
Bunting Observer Team, pers. comm., 2013).  
 
8. Red Knot 
 
The red knot (Calidris canutus rufa) was designated as a 
candidate species in 2006. On December 9, 2014, the red knot 
was listed as threatened under the ESA, by the USFWS.  At 
nine to ten inches long, the red knot is a large, bulky sandpiper 
with a short, straight, black bill. During the breeding season, the 
legs are dark brown to black, and the breast and belly are a 
characteristic russet color that ranges from salmon-red to brick-
red. Males are generally brighter shades of red, with a more 
distinct line through the eye. When not breeding, both sexes 
look alike with plain gray above and dirty white below with 
faint, dark streaking. As with most shorebirds, the long-winged, 
strong-flying knots fly in groups, sometimes with other 
species. Red knots feed on invertebrates, especially bivalves, small snails, crustaceans, and, on 
breeding grounds, terrestrial invertebrates. 
 
Large numbers of red knots rely on Atlantic stopover habitats during the spring and fall 
migration periods. Red knots winter at the southern tip of South America and breed above the 
Arctic Circle. These small shorebirds fly more than 9,300 miles from south to north every 
spring and reverse the trip every autumn, making the red knot one of the longest-distance 
migrating animals. Migrating red knots break their spring migration into non-stop segments of 
1,500 miles or more, converging on just a few critical stopover areas along the way. Large flocks 
of red knots arrive at stopover areas along the Atlantic coast each spring, with many of the birds 
having flown directly from northern Brazil. Red knots are faithful to these specific sites, stopping 
at the same locations year after year. Mole crabs (Emerita talpoida) and coquina clams (Donax 
sp.) are an important food source for migrating knots in North Carolina. Birds arrive at stopover 
areas with depleted energy reserves and must quickly rebuild their body fat to complete their 
migration to Arctic breeding areas. During their brief 10 to 14-day stay in the mid-Atlantic, red 
knots typically double their body weight. Threats to the red knot include disturbance, reduced 
food availability at stopover areas, and shoreline development. 
 

Red Knot 
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4. What are the public interest factors considered within the project area?  
 
The USACE regulations under 33 CFR 320.4 require projects under regulatory authority of the 
USACE (e.g., Clean Water Act and/or Rivers and Harbors Act) to be evaluated considering 
certain public interest criteria. The following public interest factors will be considered in this 
EIS. Additional factors pertiaining to the public interest review will be addressed within the 
Record of Decision (ROD). 
 
Public Safety 
 
In 2011, the NCWRC reported seven (7) boating accidents in Brunswick County resulting in 
zero fatalities. The waters in North Carolina, including those found within the Permit Area are 
policed by the North Carolina Marine Patrol administered through the North Carolina Division 
of Marine Fisheries. Their jurisdiction includes all coastal waters, extends to 3 miles offshore, 
and ranges to 200 miles offshore for some Federally regulated species. Officers monitor 2.5 
million acres of water and over 4,000 miles of coastline. Currently, the Marine Patrol has 59 
officers that work in three law enforcement districts along the North Carolina coast. In addition 
to checking commercial and recreational fishermen, officers patrol waterways, piers, and beaches 
in coastal areas. Officers use a variety of different size boats, aircraft, helicopters, and patrol 
vehicles to accomplish these tasks. 
 
Aesthetic Resources  
 
The Town of Ocean Isle Beach covers approximately 4.4 square miles, is approximately seven 
(7) miles long and varies from approximately 0.10 miles to 0.60 miles wide. Ocean Isle Beach is 
a barrier island situated between the Atlantic Ocean and the AIWW. The island is bordered to the 
west by Tubbs Inlet and Sunset Beach and to the east by Shallotte Inlet and Holden Beach. The 
Permit Area includes a wide diversity of estuarine and nearshore habitat types supporting diverse 
ecosystems typically associated with a developed and undeveloped barrier island system in 
southeastern North Carolina and also provides uninterrupted to slightly interrupted natural vistas 
to both residents and non-residents. 
 
Recreational Resources  
 
The terrestrial and aquatic environments within the Permit Area offer a number of recreational 
opportunities. Bird watching, surfing, fishing, sunbathing, boating and swimming are available to 
both tourists and local residents. During peak summer periods, the Shallotte River, Shallotte 
Inlet, Tubbs Inlet, the AIWW and the adjacent shoreline beaches are heavily utilized for 
watersports and sunbathing. 
 
Navigation 
 
The Shallotte River and Shallotte Inlet serve as the access point for numerous recreational and 
fishing vessels year round. During the year, especially during peak tourist season (June – 
August), the inlet can experience intense recreation navigation usage. Despite this frequent 
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usage, Shallotte Inlet is not maintained by a federally authorized dredging activity.  Little River 
Inlet is the closest maintained inlet which is located approximately 11 miles to the southwest. 
Although smaller recreational vessels can typically navigate through Shallotte Inlet into the 
ocean, larger vessels will generally access the ocean through Little River Inlet. 
 
Socio-Economic Resources 
 
Brunswick County has a diverse economic base relying on tourism, construction, retail trade, 
healthcare, manufacturing and government. As the population continues to grow, the area 
becomes more attractive to national retailers and companies. Ocean Isle Beach, is primarily a 
residential community with limited commercial and retail facilities. The population of the Town 
increased from 426 in 2000 to 550 in 2010 according to US Census data. Between November 
2012 and January 2013, 34 homes sold on the island with an average listing price of $416,554. 
Average price per square foot for Ocean Isle Beach NC was $184, a decrease of 38.7% compared 
to the same period last year. The median sales price for homes in Ocean Isle Beach NC for Nov 
12 to Jan 13 was $235,000 based on 34 home sales. Compared to the same period one year ago, 
the median home sales price decreased 19%, or $55,000, and the number of home sales 
decreased by 42.4%. 
 
Land Use 
 
The CAMA requires Counties, Cities and Towns within the 20 coastal counties to periodically 
prepare Land Use Plans to protect and manage the health of the coastal environment and 
economy. The North Carolina Division of Coastal Management requires that these counties keep 
the Land Use Plans up to date. The current Brunswick County Land Use Plan was certified by 
the CRC on November 7, 2007 and most recently recertified on August 25, 2011. The primary 
focus of the plan has been protection and appropriate development of coastal areas of 
environmental concern on a countywide perspective.  
 
As a small residential community with a largely tourist based economy, Ocean Isle Beach has 
limited land use compatibility problems when compared with larger urban municipal areas. The 
amount of commercial activity in the community is limited as there are no large manufacturing 
or industrial operations. The Town of Ocean Isle Beach 2009 CAMA Land Use Plan Vision 
Statement states the Town’s goal to “maintain and enhance our community as the finest family 
orientated beach community in the United States” (Imperial et al., 2009). 
 
Infrastructure 
 
The Odell Williamson Bridge across the AIWW is the only means of ingress or egress to the 
Town from the mainland. The two-lanes connect into a three-lane road (NC 904) that intersects 
with First Street. First Street is the major thoroughfare that runs from the west end to the east end 
of the beach. The bridge is operated and maintained by the NCDOT. Based upon information 
provided by the DOT Bridge Maintenance Unit, the Odell Williamson Bridge was constructed of 
pre-stressed concrete in 1984. 
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There are no private wastewater systems operating within the Town of Ocean Isle Beach. The 
Town of Ocean Isle Beach began operating its wastewater treatment system in 1987. Connection 
to the public sewer system is required for all residents and businesses within the Town. The 
collection system is a gravity sewer system with 28 miles of collection lines and 36 sewer lift 
stations. The main pump station consists of four (4) pumps and a back-up generator. In the past 
ten years, approximately two miles of collection lines and two (2) pump stations have been 
added as upgrades. The collection system serves only areas within the municipal boundary. 
 
Three types of stormwater systems exist within the Town of Ocean Isle Beach; the Town owned 
systems, systems owned and operated by the Department of Transportation (DOT), and private 
systems. Private owners are required to have engineered stormwater systems designed to capture 
the first 1.5 inches of rainfall. The Town-owned stormwater system is a combination of catch 
basins piped to outfalls, swales, ditches and catch basins tied to an underdrain system. The DOT 
also has some catch basins into french drains, and along the Causeway the DOT uses a curb and 
gutter system. New developments within the Town are required to install a stormwater system by 
use of swales or catch basins into an underdrain system. 
 
Solid Waste 
 
The Town of Ocean Isle Beach makes every feasible effort to minimize the generation of waste 
and to recycle waste for which viable markets exist and to use recycled materials where feasible. 
The Town contracts with Waste Industries for solid waste disposal, additional curb side pick-ups, 
beach strand pick-ups and recycling. 
 
All Construction and Demolition (C&D) materials and yard debris is taken to the Brunswick 
County Landfill near Supply for disposal. Solid waste debris is taken to a landfill in Sampson 
County for disposal. County facilities are adequate to meet current and future needs under the 
current waste disposal scenario. It should be noted that sufficient solid waste disposal facilities 
are not available within the County limits; however, this is a factor which Ocean Isle Beach has 
little control over.  
 
Drinking Water 
 
The Town of Ocean Isle Beach’s water system primarily serves customers located within the 
Town’s municipal boundary. The Town purchases all of the water used in the Town from the 
Brunswick County water system. The water is treated at a surface water plant in Leland, N.C. 
The source water for this water plant is the Cape Fear River. The Town no longer uses wells as a 
source of water. The Town has no private water systems in its municipal boundary and has had 
no water quality issues that were a threat to public health.  
 
Noise Pollution 
 
The amount of commercial activity in the Town remains limited and there are no industrial or 
manufacturing uses.  Increased noise levels are limited primarily to issues related to the influx of 
tourists. Per the Town’s Code of Ordinances (Part II, Chapter 22, Article III), no unreasonably 
loud, disturbing, and unnecessary noise between 10:00 p.m. and 7:30 a.m. is allowed. And, no 
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construction activity shall take place before the hours of 8:00 a.m. and after the hours of 8:00 
p.m. 
 
Water Quality 

Many of the waterways within and in proximity to the Permit 
Area are designated as either High Quality Waters (HQW) or 
Outstanding Resource Waters (ORW) (Figure 4.15) by the 
North Carolina Division of Water Quality (NCDWQ). 
NCDWQ defines HQW as: 

Waters which are rated excellent based on biological 
and physical/chemical characteristics through 
Division monitoring or special studies, primary 
nursery areas designated by the Marine Fisheries 
Commission, and other functional nursery areas 
designated by the Marine Fisheries Commission. 

ORW waters are described by the NCDWQ as: 

A subset of High Quality Waters. This supplemental 
classification is intended to protect unique and special 
waters having excellent water quality and being of 
exceptional state or national ecological or recreational 
significance. To qualify, waters must be rated Excellent 
by DWQ and have one of the following outstanding 
resource values: 

 Outstanding fish habitat and fisheries,  
 Unusually high level of waterbased recreation or potential for such kind of recreation,  
 Some special designation such as North Carolina Natural and Scenic River or National 

Wildlife Refuge,  
 Important component of state or national park or forest, or  
 Special ecological or scientific significance (rare or endangered species habitat, 

research or educational areas). 

Select North Carolina 
Primary Surface Water 

Classifications 
 

HQW: Rated excellent based 
on biological and 
physical/chemical 
characteristics. 
 
SA: Tidal salt waters that are 
used for commercial 
shellfishing or marketing 
purposes and are also 
protected for all Class SC and 
Class SB uses. 
 
SB: Tidal salt waters protected 
for all SC uses in addition to 
primary recreation such as 
swimming. 
 
SC: All tidal salt waters 
protected for secondary 
recreation such as fishing, 
boating, and other activities 
involving minimal skin contact. 
 

http://www.esb.enr.state.nc.us/BAU.html
http://h2o.enr.state.nc.us/csu/swc.html#SC
http://h2o.enr.state.nc.us/csu/swc.html#SB
http://h2o.enr.state.nc.us/csu/swc.html#SC
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Figure 4.15. Water Quality Classifications in Proximity to the Permit Area.  

Notes: 
1. Coordinates are in feet based on the North Carolina 

State Plane Coordinate System, North American 
Datum of 1983 (NAD 83). 

2. 2012 background imagery is from the USDA National 
Agricultural Imagery Program. 

3. Water quality classification published by North Carolina 
Division of Environment and Natural Resources 
Division of Water Quality, November 6, 2012. 

Legend: 
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The North Carolina Department of Environmental and Natural Resources, Division of Marine 
Fisheries, Shellfish Sanitation Section is responsible for monitoring and classifying coastal 
waters as to their suitability for shellfish harvesting for human consumption. Recommendations 
are made to the Division of Marine Fisheries to close those waters that have the potential for 
causing illness and opening those that are assured of having clean, healthy shellfish. All shellfish 
growing areas are surveyed every three years to document all existing or potential pollution 
sources to assess the bacteriological quality of the water and to determine the hydrographic and 
meteorological factors that could affect water quality. Water samples are collected at least six 
times a year from each growing area and tested for fecal coliform bacteria, which are an 
indicator that human or animal wastes are present in the water. A number of waterways in 
proximity to Ocean Isle Beach have been closed for shellfishing due to poor water quality. These 
include the waters within the canal system on Ocean Isle Beach, much of the AIWW, and 
Saucepan Creek (Figures 4.16 and 4.17). 
 

F
igure 4.16. NCDENR Shellfish Sanitation Map of Shellfish Closures in Proximity to the Ocean Isle Beach 
Permit Area 

http://www.deh.enr.state.nc.us/shellfish/survey.htm


 

DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 
  109 

 

 
Figure 4.17. NCDENR Shellfish Sanitation Map of Shellfish Closures in Proximity to the Ocean Isle Beach 
Permit Area 
 
The North Carolina Recreational Water Quality Program (RWQ) also tests coastal waters. Their 
mission is to protect the public health by monitoring the quality of N.C.'s coastal recreational 
waters and notifying the public when bacteriological standards for safe bodily contact are 
exceeded. The coastal waters monitored include the ocean beaches, sounds, bays and estuarine 
rivers. RWQ tests for Enterococci bacteria, an indicator organism found in the intestines of 
warm-blooded animals. While Enterococci will not cause illness itself, its presence is correlated 
with that of organisms that can cause illness. The program tests 20 ocean and sound-side areas, 
most of them on a weekly basis. Lower-use beaches are tested twice a month. 
 
Three RWQ sampling stations are located within or near the Permit Area. These stations include 
Station S37 (located in the AIWW, soundside access at east end of Ocean Isle Beach), S6A 
(located at Greensboro St. emergency vehicle access), and S6 (located at the Public Access at 
First and Chadbourn St.).  Information taken at the stations includes salinity readings. In 2012, 
measurements obtained by RQW within stations S37, S6A, and S6 averaged 34.3 ppt, 34.8 ppt, 
and 34.6 ppt, respectively. These salinity levels support a wide range of fishery resources that are 
typical in inlet and estuarine complexes similar to Shallotte Inlet and associated water bodies.  

http://www.deh.enr.state.nc.us/shellfish/Water_Monitoring/RWQweb/images/Station%20IDs.xls
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1. Turbidity and Total Suspended Solids (TSS) 
Turbidity, expressed in Nephelometric Turbidity Units (NTU), quantitatively measures the light 
scattering properties of the water. However, the properties of the material suspended in the water 
column that create turbid conditions are not reflected when measuring turbidity. The two 
reported major sources of turbidity in coastal areas are very fine organic particulate matter, and 
sand sized sediments that are re-suspended around the seabed by local waves and currents 
(Dompe and Haynes, 1993). In Class SA waters, North Carolina state guidelines limit turbidity 
to values under 25 NTU above ambient levels outside turbidity mixing zones (NCDWQ, 2003).  
 
Total Suspended Solids (TSS) are basically solids that are present anywhere in the water column. 
TSS can include a wide variety of material, such as silt, decaying plant and animal matter, 
industrial wastes, and sewage. Currently, there are no standards associated with TSS in North 
Carolina.  
  
2. Nutrients 
Nutrients in the waters within the Permit Area are influenced from the Shallotte River, inland 
tidal creeks, AIWW, and the marsh environment. Non-point source pollution including 
stormwater runoff provides a conduit for nutrients entering these waterbodies which can 
influence their levels. 
 
Non-Relevant Resources 
 
1. Hazardous, Toxic, and Radioactive Waste 
There are no known hazardous, toxic, or radioactive wastes in the Permit Area that would be 
affected by a proposed project. 
 
2. Energy Requirements and Energy Conservation 
A proposed project within the Permit Area would not be expected to utilize an unusual amount of 
energy beyond typical construction needs. 
 
3. Air Pollution 
It is not expected that any activities associated with the proposed project alternatives would 
significantly contribute to air pollution within the Permit Area.  
 
5. How would cultural resources be affected by the project? 
 
Historical Properties and Cultural Resources  
 
1. Shallotte Inlet Cultural Resources 
Tidewater Atlantic Research, Inc. (TAR), of Washington, North Carolina has previously 
performed two Underwater Archaeological Remote Sensing Surveys for the USACE in the 
vicinity of the proposed project in Shallotte Inlet. 
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In coordination with Chris Southerly, Assistant State Archaeologist, and confirmed by both 
Tidewater Atlantic Research survey reports, there is the possibility of at least nine (9) known but 
undiscovered shipwrecks in the Shallotte Inlet vicinity from the 19th and 20th centuries. In 
addition, the last known location of shipwreck site 001SHI (UAU field tag #140) is aground and 
buried on the beach in proximity to the proposed terminal groin (Southerly, pers. comm. 2013). 
An additional cultural resources survey in proximity to the proposed terminal groin will be 
conducted under a methodology approved by NCDCR. This survey has not been conducted at 
this time but is expected to be completed prior to the construction of this proposed project.  
 
Tribal entities within the State of North Carolina will be directly notified of this proposed project 
and will be given the opportunity to provide comments. 
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Chapter 5 ENVIRONMENTAL CONSEQUENCES 
 
1. What are the alternatives under consideration? 

 
This chapter includes both a qualitative and quantitative comparative assessment of the 
direct, indirect, and cumulative impacts associated with the alternatives under 
consideration for the Ocean Isle Beach Shoreline Management Project.  Impacts will 
relate to both the economic impact and the resources and interest factors described in 
Chapter 4. 

 
The alternatives under consideration include: 

 
 Alternative 1 – No Action (Continue Current Management Practices)  
 Alternative 2 – Abandon / Retreat 
 Alternative 3 – Beach Fill Only (Including Federal Project) 
 Alternative 4 – Shallotte Inlet Bar Channel Realignment with Beach Fill (Including 
                               Federal Project) 
 Alternative 5 - Terminal Groin with Beach Fill (Including Federal   
                               Project)/Applicant’s Preferred Alternative 
 

2.  How were the environmental impacts analyzed? 
 
The Council on Environmental Quality regulations (40 CFR §§ 1508.7 and 1508.8) define 
direct effects as those caused by the action and occur at the same time and place. Indirect 
effects are defined as those caused by the action and are later in time or farther removed in 
distance, but are still reasonably foreseeable. Indirect effects may include growth inducing 
effects and other effects related to induced changes in the pattern of land use, population 
density or growth rate, and related effects on air and water and other natural systems, 
including ecosystems. Cumulative impact is the impact on the environment which results 
from the incremental impact of the action when added to other past, present, and 
reasonably foreseeable future actions regardless of what agency (Federal or non-Federal) 
or person undertakes such other actions. Cumulative impacts can result from 
individually minor but collectively significant actions taking place over a period of time. 

 
Effects and impacts as used in these regulations are synonymous. Some examples of 
Effects include ecological (such as the effects on natural resources and on the 
components, structures, and functioning of affected ecosystems), aesthetic, historic, 
cultural, economic, social, or health, whether direct, indirect, or cumulative. Effects may 
also include those resulting from actions which may have both beneficial and detrimental 
effects, even if on balance the agency believes that the effect will be beneficial. 

 
Anticipated impacts to habitats were determined by CPE-NC through the analysis of 
numerical modeling results, historical and recent erosion rates, recent biological 
characterization investigations, and results from past research and studies. Delft3D, the 
primary modeling package used for this project, simulated flows forced by a 
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combination of waves, tides, winds, and density gradients, along with sediment transport 
and bathymetric change using advanced transport formulations that account for bedload 
and suspended load transport. 

 
With regard to the model results, the Delft3D model responds to prescribed or 
predetermined input conditions including waves, tides, winds, etc. The model results are 
by no means intended to represent predictions of what changes to expect in the future 
with certainty, as this would require an ability to predict future weather and oceanic 
conditions. Rather, the Delft3D model results for Alternative 1 (No New Actions) obtained 
under a prescribed set of forcing conditions forms a basis for comparing relative changes in 
Shallotte Inlet and the adjacent shorelines that could be attributable to physical changes in 
the system associated with each alternative. Such a relative comparison is achieved by 
imposing the same set of forcing conditions in the model for each alternative and 
identifying relative differences in the response of the modeled system to changes observed 
for Alternative 1. In other words, the model results are only an indication of how the inlet 
system and adjacent beaches would respond to a given set of forcing conditions (waves, 
tides, winds, etc.) and physical modification to the system associated with Alternatives 2, 
3, 4, and 5. Note the model results for Alternative 1 are also applicable to Alternative 2, 
Abandon/Retreat, since physical conditions pertaining to Alternatives 1 and 2 are similar 
and both alternatives include the continued periodic nourishment of the federal storm 
damage reduction project. 

 
Waves in Delft3D were simulated using SWAN (Simulating Waves Nearshore), an 
advanced wave transformation model that incorporates most wave transformation 
processes, including breaking, shoaling, refraction, reflection, diffraction, and bottom 
friction. Water levels, currents, and bathymetric changes are simulated using 
Delft3DFLOW. Delft3D simulated the relevant coastal processes over short-term (days- 
weeks) and long-term (seasons-years) time scales. These models were employed to 
determine impacts for Alternatives 1, 3, 4 and 5. The model output for Alternative 1 was 
also applicable for Alternative 2 as neither alternative included new action. 

 
For additional information on the model, including calibration and results please refer to 
Appendix C. 

 
In order to determine changes to habitat acreages within the Permit Area, several methods 
were employed. Direct impacts were determined by identifying the footprints of project-
related activities (i.e. proposed areas to be dredged, beach fill locations, staging area, etc.). 
These footprints were overlaid upon the baseline habitat map delineated from 2012 aerial 
photography. The area of specific habitat types which fell within this footprint was 
determined to be directly impacted and the acreages were extrapolated utilizing GIS 
software. Indirect impacts were determined by the changes to the shoreline at Year 1 Post-
construction as interpreted from the Delft3D modeling results. The modeled mean high 
high water (MHHW) lines were initially determined from a 2013 shoreline survey and 
entered into Delft3D. The indicated shoreline locations for each modeled alternative were 
then overlaid onto the baseline habitat map. The habitats where then clipped along the 
MHHW lines. Any portions of the habitats that were located seaward of the MHHW were 
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also considered to be impacted by the modeled changed position of the MHHW. Note that 
if an area of the habitat was directly impacted and the same area was impacted indirectly, 
this acreage was considered already disturbed biologically and was not counted in the 
indirect habitat impact totals. While several upland habitat types are present within the 
permit area, this Delft3D analysis of indirect impact only evaluates habitats which are 
present on the oceanfront of the islands and the shorelines along the mouth of the inlet 
within the permit area. These results should be interpreted with caution as they are not 
intended to be a precise prediction of habitat change considering they are in part based on 
modeling simulations and are therefore only intended to provide insight on potential 
changes. Table 5.1, shown below, is an attempt to depict the range of impacts that could be 
incurred for each alternative in terms of the geographic scope of habitats present within the 
project area. While it is understood that the various footprints of the project-related actions 
along with shoreline change could result in habitat impacts, it is difficult to calculate the 
overall net impacts (positive or negative) due to the difficulty of assessing the conversion 
from one habitat type to another. Therefore, Table 5.1 illustrates the estimated amount of 
habitats impacted however it does not account for changes in habitat due to conversion 
from one habitat type to another. 

 
Table 5.1- Area (in acres) of various habitats that is expected to be affected by project 
alternatives over a 5-year period. 

  
 
 

Impact 
Type 

 
 

Alt. 1 
(No- 

Action) 

 
 

Alt. 2 
(Abandon/ 
Retreat) 

 
 

Alt. 3 
(Beach Fill 

Only) 

 
Alt. 4 

(Realignment 
of Shallotte 
Inlet Ocean 

Bar Channel) 

 
 

Alt. 5 
(Terminal 
Groin w/ 

Beach Fill) 

 
Inlet Dry 
Beaches 

Direct 0 0 0.6 0.6 0 

Indirect 5-10 5-10 5-10 5-10 5-10 
 

Inlet Dunes 
Direct 0 0 0 0 0 

Indirect 1-2 1-2 1-2 1-2 1-2 
 

Oceanfront Dry 
Beach 

Direct 15.1 15.1 16.5 16.5 15.9 
Indirect 0-5 0-5 0-5 0-5 0-5 

 
Oceanfront 

Dunes 

 

Direct 0 0 0 0 0 
 

Indirect 
 

0 
 

0 
 

0 
 

0 
 

0 
 

Intertidal Flats 
and Shoals 

Direct 11.2 11.2 11.2 11.2 11.2 
Indirect 1-2 1-2 1-2 1-2 1-2 

 
Subtidal/Water 

Column 
Direct 161.1 161.1 197.2 197.2 180.7 

Indirect 0.45 0.45 0.45 0.45 0.45 
 

Softbottom 
Direct 161.1 161.1 197.2 197.2 180.7 

Indirect 0.45 0.45 0.45 0.45 0.45 
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Wet Beach 

Direct 14.4 14.4 16.0 16.0 15.6 

Indirect 25-30 25-30 25-30 25-30 25-30 

 
3. What impact would each alternative have on the shorelines of Ocean Isle Beach 
and/or Holden Beach? 
 
Measured shoreline changes along Ocean Isle Beach and the west end of Holden Beach 
together with changes along the oceanfront and inlet shoreline inferred by the numerical 
model known as Delft3D were used to compare potential differences in impacts associated 
with each of the alternatives. Delft3D simulates changes in hydrodynamics, sediment 
transport, and the morphology of the inlet and nearshore environments in response to 
changes imposed by project alternatives over a 3 year period. A complete description of 
the measured and modeled shoreline and volumetric changes is provided in Appendix C. A 
brief summary of the measured shoreline and volume changes along Ocean Isle Beach 
and Holden Beach under existing conditions and implied changes deduced from the model 
results for all of the alternatives follows.  
 

 Alternative 1 – No Action (Continue Current Management Practices) 
 
Under Alternative 1, the Federal storm damage reduction project that covers 17,100 feet 
of the ocean shoreline of Ocean Isle Beach west of Shallotte Boulevard would continue to 
be nourished approximately every three years with material removed from the borrow 
area located in Shallotte Inlet. Also, the same erosion response measures employed by the 
Town, NCDOT, and property owners on the extreme east end of the island would continue. 
The erosion response measures have included installation of sandbag revetments, occasional 
beach scraping (bulldozing), periodic disposal of navigation maintenance material, and 
demolition or relocation of threatened homes. Note the Town of Ocean Isle Beach 
attempted a supplemental beach fill along the eastern end of the island in conjunction with 
the 2006-2007 periodic nourishment operation for the Federal storm damage reduction 
project; however, due to the failure of the supplemental fill to provide any significant long-
lasting relief to the erosion threat, the Town of Ocean Isle Beach does not plan to use this 
approach in the future. 
 
The average volume of material placed along Ocean Isle Beach every three years to nourish 
the Federal storm damage reduction project is provided in Table 5.2. Note the Federal 
project has not required any nourishment between stations 120+00 and 181+00 (the west 
end of the Federal project). Under Alternative 1, future periodic nourishment of the Ocean 
Isle Beach storm damage reduction project would continue to be the same as in the past. 
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Table 5.2. Average three-year nourishment volume for the Ocean Isle Beach Federal storm damage 
reduction project. 

Beach 
Segment 
(baseline 
stations) 

Three-year Nourishment 
Volume 

(CY) 10+00 to 30+00 175,000 
30+00 to 60+00 177,000 
60+00 to 90+00 42,000 
90+00 to 120+00 14,000 

Total 408,000 
 
Along the westernmost 4,000 feet of Holden Beach, measured volume changes averaged a 
loss of 44,000 cubic yards/year between April 2007 and April 2010. 
 
Future impacts on development on the east end of Ocean Isle Beach were evaluated based 
on the continuation of erosion trends determined from a comparison of US Geological 
Survey LiDAR surveys obtained between 1997 and 2010. Due to the past efforts involving 
the installation of sandbag revetments and other measures such as the disposal of navigation 
maintenance material on the east end of the island, as explained in Appendix B, the LiDAR 
surveys were used to track the movement of the erosion scarp line.  
 
Based on the past performance of sandbag revetments on the east end of Ocean Isle 
Beach, once a sandbag revetment fails, the shoreline tends to make an almost instantaneous 
correction by moving to a position it would have occupied in the absence of the sandbags.  
Also, the life of sandbag revetments appeared to be approximately f ive  (5) years. 
Therefore, the impact analysis for Alternative 1 assumed sandbag revetments would be 
installed every five (5) years throughout the 30-year evaluation period with the failure of 
the sandbags every f ive  (5) years followed by an immediate landward jump in the 
shoreline position following the sandbag failure. 
 
The Delft3D simulation of volume changes along Ocean Isle Beach and the west end of 
Holden Beach for Alternative 1 were evaluated over a three-year simulation period with the 
results evaluated for volume changes landward of the -18-foot NAVD depth contour and 
landward of the -6-foot NAVD depth contour. As discussed below, the model volume 
changes seaward of the -6-foot NAVD depth contour indicated accretion off the east end of 
Ocean Isle Beach for all of the alternatives. This similarity in the model response was due to 
the orientation of the Shallotte Inlet ocean bar channel which maintained a southwesterly 
alignment during the three-year simulations for all alternatives. In this regard, the initial 
conditions for all alternatives assumed material would be removed from the Shallotte Inlet 
borrow area to nourish the Federal storm damage reduction projects. The assumed cut in the 
Shallotte Inlet borrow area, which is shown in Figure 4.2a in Appendix B, was positioned on 
the west side of the borrow area and oriented toward the southwest. 
 
Given the influence of the channel orientation, the primary difference in the model 
volume changes occurred landward of the -6-foot NAVD depth contour. Therefore, modeled 
volume changes landward of -6 feet NAVD were used to determine relative differences in 
the shoreline response between alternatives. 



117 117 

 

 
DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Protection Project EIS 
 

 
For Alternative 1, the model volume change rates landward of -6 feet NAVD are 
summarized in Table 5.3 for segments along Ocean Isle Beach and for the western 4,000 feet 
of Holden Beach. The location of the two segments on Ocean Isle Beach east of baseline 
station 0+00 (with negative station numbers) are shown in Figure 5.3 with the segment 
between stations -5+00 and -20+00 representing the ocean facing portion of the sand spit on 
the east end of the island, while the segment between stations -20+00 and -30+00 
borders a portion of the main channel of Shallotte Inlet (see Figure 5.1 for reference). 
 

Table 5.3. Model volume change rates above -6 feet NAVD along Ocean Isle Beach and the west end 
of Holden Beach for Alternative 1. 

Beach Segments (baseline stations) Model Volume Change (cubic yards/year) 
Ocean Isle Beach 

-20+00 to -30+00 -700 
-5+00 to -20+00 -3,700 
0+00 to 30+00 -24,000 

30+00 to 60+00 -18,000 
60+00 to 90+00 -14,000 
90+00 to 120+00 -7,000 

Holden Beach 
385+00 to 345+00 -11,000 

 
The modeled erosion (red) and deposition (green) patterns within the project area that 
occurred over the 3-year simulation period for Alternative 1 are shown in Figures 5.1 to 5.3. 
During the 3-year simulation, the ocean bar channel of Shallotte Inlet maintained an 
orientation toward the southwest which resulted in significant shoaling of the area seaward 
of the -18-foot NAVD depth contour off the east end of Ocean Isle Beach. Erosion occurred 
landward of the -6-foot NAVD depth contour along the entire project area.  
 
As shown in Table 5.2, the sand spit extending off the east end of Ocean Isle Beach into 
Shallotte Inlet experience erosion. The ocean facing segment between station -5+00 and        
-20+00 lost material at a rate of 3,700 cubic yards/year while the segment closer to the inlet 
(-20+00 to -30+00) eroded at a rate of 700 cubic yards/year. The distal end of the sand spit 
experienced some significant erosion over the three-year simulation as indicated by the red-
shaded area in Figure 5.3. 
 
On the western 4,000 feet of Holden Beach, the model indicated erosion of 11,000 cubic 
yards/year landward of the -6-foot NAVD depth contours. However, there was essentially no 
change in the shoreline along the Holden Beach shoreline facing Shallotte Inlet. 
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Figure 5.1. Alternative 1 erosion/deposition patterns after Year 1 of the Delft3D model simulation 
 

 
Figure 5.2. Alternative 1 erosion/deposition patterns after Year 2 of the Delft3D model simulation 
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Figure 5.3. Alternative 1 erosion/deposition patterns after Year 3 of the Delft3D model simulation. 

 
In the portion of Shallotte Inlet situated between the west end of Holden Beach and the 
east end of Ocean Isle Beach, the model indicated significant accretion which was 
associated with the accumulation of sediment in the Shallotte Inlet borrow area. In this 
regard, the initial model setup, which was based on April 2007 conditions, represented post-
nourishment conditions along Ocean Isle Beach as well as post-dredging conditions in 
Shallotte Inlet. 
 
The model indicated some scour or erosion of the portion of the AIWW extending from 
Shallotte Inlet northeast to the mouth of Shallotte River. Also, there was some accumulation 
of sediment along the shorelines bordering the waterway. West of the confluence of the inlet 
with the waterway, the model did not indicate any significant erosion or deposition. 
 

 Alternative 2 – Abandon/Retreat 
 
Periodic nourishment of the Federal storm damage reduction project along Ocean Isle 
Beach would continue under Alternative 2.  Since no other action would be taken to 
protect development on the east end of Ocean Isle Beach, the Delft3D model results for 
Alternative 1 are also applicable to Alternative 2. With erosion on the east end of the 
island continuing unabated, the same homes and infrastructure that could be damaged 
with the continued landward movement of the erosion scarp line on the east end of the 
island over the next 30 years under Alternative 1 would face the same fate under 
Alternative 2. The only difference would be when erosion impacts occur. With no action 
being taken to protect threatened homes and infrastructure, damages would occur 
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continuously throughout the 30-year analysis period rather than in five (5) year 
increments as in Alternative 1. 

 
 Alternative 3 – Beach Fill Only (Including Federal Project) 

 
Alternative 3 includes beach fill along a 3,500-foot section on the east end of Ocean Isle 
Beach situated between baseline stations -5+00 (500 feet east of the end of development) 
and station 30+00 (located just west of Lumberton Street). Shoreline changes on both 
Ocean Isle Beach and Holden Beach were simulated over a 3-year period using the 
Delft3D numerical model (Appendix C). The use of beach fill combined with adequate 
periodic nourishment should be able to prevent erosion damage along the east end of 
Ocean Isle Beach. 

 
Sediment transport along the extreme east end of Ocean Isle Beach is generated by both 
wave driven littoral currents and tidal currents flowing in and out of Shallotte Inlet. This 
combination of sediment transport factors results in sediment moving into Shallotte Inlet 
off the east end of the island at a faster rate than wave driven currents alone can move 
sediment into the area.  The addition of a beach fill along the extreme east end of the 
island would produce a bulbous shape in the shoreline which would be conducive to 
horizontal spreading or diffusion of the material away from the fill area.   This phenomenon 
was observed following the Town’s attempt to nourish the east end of the island in 
January 2007 (see Appendix B for additional information). The combination of wave 
currents, tidal currents, and diffusion of fill material combined to produce rather large 
losses from the fill and in turn large volumes of periodic nourishment that would be needed 
to maintain the desired level of erosion protection on the east end of the island. 

 
Based on a Delft3D model assessment of beach fill performance on the east end of Ocean 
Isle Beach, volumetric losses from a beach fill placed east of baseline station 30+00 would 
be expected to erode at a rate of 140,000 cubic yards/year (Appendix B). Under existing 
conditions, losses from this area average 91,000 cubic yards/year. For the shoreline 
segment situated between baseline stations 30+00 and 120+00, the model assessment for 
Alternative 3 did not indicate any change from existing conditions. Volume losses from 
the area west of station 30+00 have averaged 78,000 cubic yards/year. Thus, if Alternative 
3 is implemented, the total periodic nourishment requirement for the area extending from 
station -5+00 to station 120+00, which includes both the Federal project and the local 
beach fill project, would average 218,000 cubic yards/year. 

 
The simulated erosion and deposition patterns in the vicinity of Shallotte Inlet after the 
three year simulation for Alternative 3 are shown in Figure 5.4.  Along the Ocean Isle 
Beach sand spit between stations -5+00 and -20+00, the model indicated there would be 
no net change in volume above the -6-foot NAVD depth contour after three years which is 
a slight improvement compared to Alternative 1. This improvement was due to the 
migration of sediment from the east end beach fill toward Shallotte Inlet. However, the 
indicated volume change between stations -20+00 and -30+00 was -15,300 cubic 
yards/year which was over four (4) times the loss rate indicated for Alternative 1. This 
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increase in the rate of volume loss on the eastern end of the sand spit is counterintuitive 
given the eastward spreading of the beach fill material that resulted in the stabilization of 
the segment between stations -5+00 and -20+00. One possible explanation would be 
changes in wave patterns on the east end of the spit due to waves refracting around the 
bulbous shape of the beach fill. The difference could also be associated with the inherent 
difference in the response of the model to various permutations associated with the 
addition of the relatively large beach fill. 

 
Volume losses off the distal end of the Ocean Isle sand spit shown in Figure 5.4 were 
similar to the losses simulated for Alternative 1. Volume changes on the west end of Holden 
Beach landward of the -6-foot NAVD depth contour averaged 12,000 cubic yards/year 
which was essentially the same as for Alternative 1. 
 
As was the case for Alternative 1, there was significant sediment accumulation in Shallotte 
Inlet that was associated with infilling of the borrow area. Changes inside the inlet and 
along the AIWW to the mouth of the Shallotte River also mimicked changes observed for 
Alternative 1 with some scour in the middle of the channel and sediment accumulation on 
both sides of the channel. 
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Figure 5.4. Alternative 3 – Erosion/deposition patterns after 3 years of the Delft3D simulation. 
 

 Alternative 4 – Shallotte Inlet Bar Channel Realignment with Beach Fill (Including 
      Federal Project) 
 

The existing Federal storm damage reduction project for Ocean Isle Beach was 
formulated by the USACE to include a borrow area in Shallotte Inlet that would replicate 
a new bar channel situated midway between the west end of Holden Beach and the east 
end of Ocean Isle Beach and oriented approximately perpendicular to the alignment of 
the adjacent shorelines. The borrow area was about 950 feet wide through the gorge of 
the inlet (i.e., the area between the ends of the two islands) widening to around 1,400 feet 
at the seaward end (Figure 4.9 in Appendix B). The rather large expanse of the borrow 
area was not effective in concentrating ebb flow into a well-defined channel and 
subsequent shoaling in the borrow area, which occurred primarily from the west side, 
resulted in the formation of a dominant ebb channel close to the west end of Holden Beach. 

 
Normally, in a situation similar to Ocean Isle Beach, a channel relocation project would 
position the new channel closer to the east end of the island in order to effect a build-up 
of material on the west side of the inlet.  However, in the case of Shallotte Inlet, the 
initial borrow area and the areas subsequently dredged during periodic nourishment 
operations did not concentrate in one particular channel corridor, rather, the focus of the 
dredging operation was on obtaining beach nourishment material needed to maintain the 
Federal project. As a result, the only positive change on the east end of Ocean Isle Beach 
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has been the formation of a sand spit projecting off the east end of the island into 
Shallotte Inlet. 

 
The Delft3D model for Alternative 1 was run with a simulated post-nourishment channel 
condition as shown in Figure 4.2a in Appendix B. Over the three-year simulation, the 
model did indicate some accumulation of sediment on the west side of the inlet’s ebb tide 
delta but no positive impact on shoreline erosion rates along the shoreline fronting 
development on the east end of the island. As the model suggests, if future periodic 
nourishment operations are concentrated in a preferred channel corridor located parallel 
to the west side of the original USACE borrow area, the forced concentration of flow 
through the channel corridor should eventually result in the reconfiguration of the ebb tide 
delta to a condition comparable to that which existed between the mid 1950’s and mid 
1960’s, a time during which the east end of Ocean Isle Beach experienced relative stability. 

 
The timeframe for reconfiguration of the ebb tide delta was based on the historic behavior 
of the inlet and the time that elapsed between the stable condition in the mid 1960’s to the 
eroded condition that began to be manifest in the early 1980’s (Figure 4.9 in Appendix 
B). 

 
Given the historic behavior of the inlet and the shoreline response on the east end of 
Ocean Isle Beach, full recovery of the west side of the Shallotte Inlet ebb tide delta and 
stabilization of the shoreline on the east end of the island was assumed to require 20 
years. During this adjustment period, beach nourishment along the eastern 3,000 feet of 
Ocean Isle Beach was assumed to be similar to Alternative 3 for the first 4 years and then 
gradually decrease to no nourishment requirements in this area at the end of the assumed 
20-year adjustment period. West of station 30+00, Alternative 4 was assumed to have no 
impact on periodic nourishment requirements for the Federal project. 

 
Alternative 4 has the same initial beach fill design on the east end of Ocean Isle Beach as 
Alternative 3. The primary difference between Alternative 3 and Alternative 4 would 
involve repetitive dredging of the Shallotte Inlet borrow area along a specific channel 
corridor whereas under Alternative 3, there is no such control. Maintenance of the inlet 
channel in a specified location and along a specified alignment was assumed to eventually 
reconfigure the Shallotte Inlet ebb tide delta with the reconfiguration resulting in a 
significant build-up of material on the west side of the inlet. This build-up of material 
would provide some wave sheltering and hence erosion protection to the east end of Ocean 
Isle Beach. The timeframe for this readjustment to occur was assumed to be 20 years. 

 
Given the assumptions with regard to the eventual impact of the modified dredging scheme 
for the Shallotte Inlet borrow area, the shoreline response and hence volumetric losses from 
the beach along Ocean Isle Beach would be the same as described for Alternative 3 for the 
first 2 years. The modified dredging scheme was assumed to gradually reduce volume 
losses from the east end of Ocean Isle Beach over a period of 20 years. At the end of 20 
years, volume losses east of station 30+00 on the east end of Ocean Isle Beach were 
assumed to zero given the historic behavior of the inlet and shoreline response on the east 
end of the island. 
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During the initial 4 years of the adjustment period, the shoreline along the sand spit on 
the east end of Ocean Isle Beach would be expected to respond in a manner similar to 
Alternative 3 (i.e, the area between stations -5+00 and -20+00 would become relatively 
stable while the segment between stations -20+00 and -30+00 would continue to 
erode). At the end of the 20-year adjustment period, losses off of the sand spit 
between stations -5+00 and -30+00 would probably cease as the build-up of material on 
the west side of Shallotte Inlet would protect the spit against severe wave attack resulting 
in accretion along the entire sand spit. 

 
The west end of Holden Beach would not be impacted by the changes associated with 
Alternative 4 and would be expected to continue to behave in a manner similar to that for 
Alternative 1, as well as Alternative 3. Changes inside the inlet as well as along the 
AIWW to the mouth of Shallotte River would also be similar to Alternative 3. In general, 
Alternative 4 would gradually require less and less material from the Shallotte Inlet 
borrow area for periodic nourishment along Ocean Isle Beach. The reduction in the 
volume of material removed should gradually diminish the rate of sediment accumulation 
in Shallotte Inlet. 
 

 Alternative 5 - Terminal Groin with Beach Fill (Including Federal 
Project)/Applicant’s Preferred Alternative 

 
Alternative 5 includes the construction of a terminal groin on the east end of Ocean Isle 
Beach and the placement of beach fill west of the structure to fill the area generally 
referred to as an accretion fillet. The terminal groin would have a seaward section 
extending 750-feet seaward of the April 2007 mean high water shoreline and a 300-foot 
shore anchorage section extending landward of the April 2007 mean high water shoreline. 
The seaward section would be constructed with loosely placed armor stone to facilitate the 
movement of sand past the structure. The shore anchorage section would be constructed 
with sheet pile which would have a top elevation varying from +4.9 feet NAVD to +4.5 
feet NAVD. 

 
Based on the Delft3D model evaluations, the terminal groin would essentially stabilize the 
shoreline west of the structure to about baseline station 30+00 and would reduce periodic 
nourishment requirements of the Federal project east of station 30+00 by 95%. The model 
indicated erosion and deposition patterns at the end of the three year simulation as shown 
in Figure 5.5. 
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Figure 5.5. Alternative 5 erosion/deposition patterns at the end of the three-year Delft3D model 
simulation. 

 
The terminal groin was found to not have any significant impact on the shoreline or 
periodic nourishment requirements of the Federal project west of station 30+00. Similarly, 
the model indicated changes on the west end of Holden Beach landward of the -6-foot 
NAVD contour that were the same as Alternative 1, the No Action alternative. 

 
For the segment of the shoreline just east of the terminal groin (baseline stations -5+00 to 
-20+00), volume losses landward of the -6-foot NAVD contour during the first year of the 
simulation totaled 53,000 cubic yards, while the segment between stations -20+00 and      
-30+00 gained 17,000 cubic yards. Over the next two years of the simulation, volume 
losses in the segment between stations -5+00 and -20+00 ceased with the total volume 
loss from this segment after three years equal to 50,000 cubic yards, i.e., a gain of 3,000 
cubic yards following the first year of the simulation. This minor amount of accretion 
over the last two years of the simulation is not considered to be significant, but the 
apparent stabilization of the segment after the first year is significant in that the segment 
appeared to reach a quasi-state of equilibrium in response to changes imposed by the 
structure. 

 
For the segment between stations -20+00 and -30+00, the initial accretion of 17,000 cubic 
yards was followed by a gradual volume loss over the last two years with the end result 
being an accumulation of 7,000 cubic yards at the end of the three-year simulation. Given 
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the accuracy of the model, this relative minor build-up of material within this segment is 
probably not significant. 

 
Within the confines of Shallotte Inlet, the model indicated changes at the end of the three 
year simulation for Alternative 5, as shown in Figure 5.6, were similar to the changes 
produced for the other alternatives. Overall, the sediment accumulation within the inlet 
complex, which includes the east and west ebb tide deltas, the inlet borrow area, and the 
interior channels, was about 40% less for Alternative 5 compared to Alternative 1. The 
reduced rate of sediment accumulation in the inlet complex is consistent with the reduction 
in volumetric losses off Ocean Isle Beach attributable to the terminal groin. 

 
On the Holden Beach side of Shallotte Inlet, the model results for the terminal groin 
alternative did not indicate any significant difference in the response of the shoreline 
compared to Alternative 1. Model indicated volume losses above the -6-foot NAVD 
contour for Alternative 1 were -12,000 cubic yards/year compared to -11,000 cubic 
yards/year for Alternative 5.  

 
4. What other projects are occurring or being implemented within the vicinity of 
Ocean Isle Beach may cumulatively affect this project? 

 
There are a number of shoreline protection activities and navigation projects that have 
occurred or are scheduled to occur on, or in proximity to, Ocean Isle Beach.  These 
activities, as listed below, have or could impose cumulative impacts on resources within 
the Permit Area. 

 
 Maintenance of Wilmington Shipping Channel 
 Maintenance of the AIWW 
 Proposed Holden Beach Terminal Groin and Beach Nourishment 
 Lockwoods Folly Inlet Maintenance with Oak Island Beach Nourishment 

 
5. What are the general environmental impacts associated with the project? 

 
The various environmental consequences associated with the alternatives are described 
within each alternative’s corresponding section. While each alternative contains unique 
features, several of these alternatives include similar actions which will elicit comparable 
environmental consequences. These include dredging and/or beach nourishment, which 
are associated with Alternatives 3, 4, and 5. The environmental impacts associated with 
these actions are described below and summarized in Appendix D. Since sea level rise 
is applicable to each alternative, the potential effects of sea level rise are also described 
below. 

 
General Environmental Consequences Related to Dredging 
 
The general environmental impacts of dredging include a direct temporary increase in 
turbidity and t o t a l  s u s p e n d e d  s o l i d s  ( TSS) within the water column.  Sediment 
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loading increases turbidity and TSS, which can result in a decrease in biological 
productivity, clogging of fish gills, and reduced recruitment of invertebrates.  
Furthermore, turbidity can cause low oxygen events leading to fish kills, and cause 
mortality of organisms in the substrate, including oysters. High concentrations of 
suspended solids can cause many problems for aquatic life including low dissolved 
oxygen levels that can lead to fish kills. High TSS can also cause an increase in surface 
water temperature, because the suspended particles absorb heat from sunlight (Mitchell 
and Stapp, 1992). However, turbidity from dredging may also protect small or young 
fish from visual predators (Livingston, 1975). 

 
Habitat alteration from dredging may have been responsible for major reductions noted in 
brown shrimp (-88%), blue crab (-75%), Atlantic croaker (-45%), and spot (-19%) 
following dredging for a marina site on Pierces Creek (Neuse River) (Street et al. 2005). 
Recruitment of invertebrate larvae, growth of filter feeding invertebrates, and visual 
foraging for prey by adult fish are also affected by turbidity from dredging (Reilly and 
Bellis 1983). 

 
Dredging within the permit area is expected to result in temporary increases in suspended 
sediment or particulates and turbidity in the immediate area of construction activity. 
Turbidity is a measure of the degree to which the water loses its transparency due to the 
presence of suspended particulates. 

 
During the Bogue Inlet Channel Erosion Response Project, turbidity levels were shown to 
remain within ambient conditions (9.7 to 35.2 NTUs) during the dredging operations. 
The State standard for turbidity is 25 NTUs while TSS does not have a defined standard. 
Any increase in turbidity associated with the excavation of the channels to the oceanfront 
shoreline should be of short duration. Natural conditions support fluctuating turbidity 
levels in the nearshore and offshore water column of the Permit Area. Storm events are 
known to increase these levels due to the re-suspension of sand and fine materials. These 
fluctuating turbidity levels would continue with or without the dredging efforts proposed 
with these alternatives. No cumulative effects are expected to occur from the dredging 
and placement activities. Elevated turbidity is anticipated only immediately adjacent to 
the dredge operation and would only persist while dredging and the subsequent beach 
filling occurs. 

 
Dredging activity will also impact infaunal resources. Dredging results in a direct 
mortality of all organisms present within the dredged material (Posey and Alphin, 2002). 
Although the recruitment pattern is altered, the recovery of species after sediment 
removal is relatively quick, depending upon the opportunistic nature of the species (Street 
et al., 2005; Posey and Alphin, 2002). At dredge sites monitored off the coast of New 
Jersey, infaunal assemblages recovered within one year after disturbance, while biomass 
and taxonomic richness took 1.5 to 2.5 years to recover (Street et al., 2005).  The 
diversity of micro and macrofauna tend to be dominated by opportunistic species that 
recover quickly when affected by natural causes (Mallin et al., 2000; Street et al., 2005; 
Posey and Alphin, 2002). Softbottom communities may also change with natural shifting 
patterns of sediment erosion or deposition (Street et al., 2005). Posey and Alphin (2002) 
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suggests that effects of beach nourishment from dredging of an offshore borrow area is 
minimal compared to the natural variability of the system. The temporal spacing between 
the periodic maintenance events within the proposed dredged areas should allow for full 
recovery of benthos populations. 

 
The project construction window, including dredging activities, will be limited to 
November 16 through April 30. The applicant will adhere to the timing of construction 
that is typically applied and relative to the dredge type in order to protect threatened and 
endangered species while minimizing adverse impacts to offshore, nearshore, intertidal 
and beach resources. No dredging will occur outside of the approved time periods 
without prior approval from all relative State and Federal agencies. Dredging, regardless 
of the season, will result in the mortality of fish at all life stages. 

 
A hydraulic cutter-suction pipeline dredge (pipeline dredge) would be used for 
Alternatives 3, 4, and 5. As opposed to hopper dredges, pipeline cutterhead dredges are 
mounted (fastened) to barges and are not usually self-powered. Rather, they are towed to 
the dredging site and secured in place. A pipeline dredge sucks dredged material through 
one end, the intake pipe, and then pushes it out the discharge pipeline directly into the 
disposal site. Compared to similar types of dredging methodologies, a pipeline dredge 
creates minimal disturbance to the seafloor resulting in lower suspended particulates and 
turbidity levels.  Anchor (2003) conducted a literature review of suspended sediments 
from dredging activities. This report concluded that the use of a hydraulic dredge (i.e., 
pipeline dredge) limits the possibilities for re-suspension of sediment to the point of 
extraction.  Also, since the sediment is suctioned into the dredge head, the sediment 
cannot directly enter into the middle or upper water column. The utilization of a pipeline 
dredge minimizes safety and navigational concerns as the dredge will be well lit, 
stationary, and will include usage of buoys to mark the location of anchors. Unlike a 
hopper dredge, no incidences of sea turtle takes from a pipeline dredge have been 
identified during the research and development of this document. Therefore, the use and 
methods involved with this type of machinery reduce or eliminate the likelihood of an 
incidental take. 

 
As with typical dredging and beach nourishment activities, the work includes the use of a 
dredge plant, pipelines, support barges and bulldozer equipment. Work generally occurs 
on a 24-hour/7 days/week schedule within the dredging window resulting in the 
presence of equipment within navigable waters and along the shoreline.  During that 
time, navigation within the work zone is prohibited for safety reasons disrupting use of 
certain travel areas. Dredgers are required to operate within United States Coast Guard 
requirements to reduce the potential of boat accidents. In addition to navigation, the 
presence and operation of the equipment on the land and water can result in an increase 
of noise and impact aesthetics within the localized area. This is expected to last for the 
extent of the dredging operation. 
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General Environmental Consequences Related to Beach Fill 
 
Along with dredging activities, the placement of beach compatible material may also 
impact several resources. Specifically, the placement of beach fill material could impact 
the infaunal resources found within the wet beach community as well as nesting turtles and 
nesting, resting, and foraging birds found along the dry beach community. The North 
Carolina Coastal Resources Commission adopted the State Sediment Criteria Rule 
Language (15A NCAC 07H .0312) for borrow material aimed at preventing the disposal of 
an inordinate amount of coarse material (primarily shell and shell hash) on the beach 
(NCDCM, 2007). Adhering to these criteria will serve to reduce the potential for 
environmental impacts. Given the proposed borrow area is completely confined to the 
authorized dredge depth of a maintained sediment deposition basin within the inlet shoal 
system, compatibility as defined by (15A NCAC 07H.0312) is primarily defined in Section 
(2) (e) and (3) (a). Section (2) (e) allows an applicant to use previously collected data to 
establish sediment characteristics where both a pre-dredge and a post-dredge data set exist. 
Section (3) (a) states that compatibility for sediment completely confined to the permitted 
dredge depth of a sediment deposition basins within the inlet shoal system is defined as 
having an average percentage by weight of fine-grained (less than 0.0625 millimeters) 
sediment less than 10%. As stated above, the composite fine-grained sediment within the 
footprint of the area dredged in 2001 based on the data from six (6) vibracores collected in 
1998 is 1.3%. The composite fine-grained sediment within the same footprint of the area 
dredged in 2001 based on data collected after the dredging event is 1.95%. The composite 
percent fine grained material for the existing beach sampled along the east end of Ocean 
Isle Beach is 1.34%. Therefore, sediment confined to the footprint of the area dredged in 
2001 in Shallotte Inlet is compatible in accordance with 15A NCAC 07H.0312.  See 
Appendix E (Geotechnical Report) for more information regarding the characteristics of the 
borrow material and the native beach. 
 
The addition of beach fill to Ocean Isle Beach will cause short-term direct impacts to the 
adjacent wet beach community. Beach fill material will equilibrate offshore where it 
will, at least temporarily, cover the softbottom community. As an example, results from an 
infaunal monitoring following the beach nourishment associated with the Bogue Inlet 
Channel Relocation Project at Emerald Isle, NC demonstrated that infaunal species found 
in the marine intertidal (wet beach) environment decreased in population immediately 
following construction (Carter and Floyd, 2008). Amphipods, an important food source 
for fisheries and bird resources, showed the slowest recovery, as it was documented that 
they had not reached pre-construction population levels until 17 months following the 
beach fill project. During the same timeframe, coquina clam populations found along 
beach filled areas had converged with populations in nearby control sites indicating 
recovery (Carter and Floyd, 2008). Nelson (1985) indicates that organisms that reside in 
intertidal zones are more adaptable to fluctuations in their environment, including high 
sediment transport and turbidity levels. This may support the reasoning for some 
organisms to withstand burial up to 10 cm. Other studies reported by Maurer (National 
Research Council, 1995) supported the burial capabilities of nearshore species, which 
found that these species are capable of burrowing through sand up to 40 cm. Although 
the wet beach infauna can adapt to fluctuations in the natural environment, the addition of 
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sediment to the wet beach would have immediate, short-term negative impacts specifically 
in areas where beach fill will exceed 40 cm in conjunction with the compaction or pushing 
of fill from bulldozers leveling the material as it is being placed on the beach.  
 

Although the marine intertidal infauna can adapt to fluctuations in the natural environment, 
the addition of sediment to the wet beach would have immediate, short-term negative direct 
impacts. Rakocinski et al. (1996) found that the mole crab populations exhibited a pattern 
of initial depression after being covered by sediment but fully recovered in less than one 
year after beach nourishment.  Temporary burial of infaunal organisms could indirectly 
affect the birds and fish that forage on these organisms in the short and long-term. Negative 
cumulative effects could occur if the diversity and abundance of infaunal populations do 
not recover between nourishment events if the events are occurring within short time 
periods of each other and/or if the material placed on the beach is less compatible with 
the native beach sediment. A study by Van Dolah et al. (1994) found the use of fill 
sediments that closely match the native sediments showed an ecological recovery of 
infaunal species within eight months. Thus, the use of borrow area sediments that are 
compatible with the native beach and the proper temporal spacing between events should 
prevent any negative long-term cumulative impacts to the marine intertidal communities. 
Based on the documented recovery of infaunal organisms, the time intervals between 
nourishment operations and the use of compatible fill material, significant adverse direct, 
indirect or cumulative impacts to infaunal resources are not anticipated.  
 

The dry beach community along nourished shorelines may also result in negative impacts to 
some invertebrate species including the conspicuous ghost crab. Lindquist and Manning 
(2001) noted that the ghost crab population was significantly reduced for 6 to 8 months 
following beach bulldozing. These findings were similar to the findings of Peterson et al. 
(2000) in which the number of ghost crabs in the upper beach zone were reduced by 
55‐65% three months following beach bulldozing at Bogue Banks, NC and 86-99% lower 
than on nearby reference beaches. However, other studies reported a recovery of infaunal 
species abundance and diversity within 60 days of beach bulldozing and no long term 
changes to species composition subsequent to beach scraping (ASFMC, 2002). 
 
Beach nourishment presents both positive and negative effects on nesting sea turtles. In 
most cases where beach nourishment has taken place, the oceanfront shoreline has been 
greatly eroded with tidal fluctuation occurring at the base of the dune. This reduces the 
suitable nesting areas for sea turtles and destroys nests with eggs that have been 
established. As a result of beach fill, wider beaches can benefit sea turtles since they 
require dry beaches to nest, preferring to nest along wide sloping beaches or near the base 
of the dunes. Potential adverse effects on nesting habitat include alteration of beach 
substrate characteristics and modification of the natural beach profile. Physical 
characteristics such as density, compaction, shear resistance, moisture content, slope, 
sand color, grain size, grain shape, sand mineral content, and gas exchange can affect the 
success of sea turtle nests (Nelson and Dickerson 1988, Crain et al. 1995). Substrate 
alteration may affect the ability of female turtles to nest, the suitability of the nest 
incubation environment, and the ability of hatchlings to emerge from the nest. 
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Escarpments formed during and after beach nourishment may prevent nesting females 
from reaching suitable nesting habitat, resulting in the selection of marginal or 
unsuitable nesting sites in front of escarpments, or result in nest exposure as escarpments 
recede landward. Numerous studies have described the effects of beach nourishment on 
nesting success (Crain et al. 1995, Steinitz et al. 1998, Ernest and Martin 1999, Herren 
1999). These studies indicate a reduction in nesting success during the first post-
nourishment year, followed by a return to normal levels by the second or third year. 
Declines in nesting success have been attributed to substrate compaction, escarpment 
formation, and/or modification of the natural beach profile. Beach nourishment also has the 
potential to improve poor quality nesting habitats associated with chronically eroded 
beaches (Brock et al. 2009). Davis et al. (1999) and Byrd (2004) documented increases in 
nesting success immediately following the nourishment of eroded beaches. Increases in 
nesting success were attributed to the addition of dry beach habitat. 
 
Embryonic development and hatching success are influenced by temperature, gas 
exchange, and moisture content within the nest environment (Carthy et al. 2003). Changes 
in substrate characteristics such as grain size, density, compaction, organic content, and 
color may alter the nest environment, leading to adverse effects on embryonic development 
and hatching success (Nelson and Dickerson 1988, Nelson 1991, Ackerman et al. 1991, 
Crain et al. 1995). Nourished beaches often retain more water than natural beaches, thus 
impeding gas exchange within the nest (Mrosovsky 1995, Ackerman 1996). 
Uncharacteristically dark sediments absorb more solar radiation, thus potentially resulting 
in warmer nest temperatures. Dark sediments may produce nest temperatures that are too 
high for successful embryonic development (Matsuzawa et al. 2002). Higher temperatures 
may significantly reduce incubation periods and contribute to a higher incidence of late-
stage embryonic mortality (Ernest 2001). Nest temperature also influences sex 
determination in hatchlings, with warmer temperatures producing more females and cooler 
temperatures producing more males (Wibbels 2004). Consequently, dark sediments may 
alter hatchling sex ratios. Investigations of beach nourishment effects on hatching success 
have reported variable results; including positive effects (Broadwell 1991, Ehrhart and 
Holloway-Adkins 2000), negative effects (Ehrhart 1995, and no effect (Raymond 1984, 
Nelson et al. 1987, Broadwell 1991, Ryder 1993, Steinitz et. al. 1998, Herren 1999, Brock 
et al. 2009). The variation in findings has been attributed to differences in the physical 
attributes of individual projects, the extent of erosion on the pre-nourishment beach, and 
construction techniques (Brock et al. 2009). Sediments recovered within the vertical 
boundaries of the proposed borrow area in Shallotte Inlet were described by the USACE as 
having a tan and or gray color (USACE, 1997c; Catlin, 2009). The wet Munsell Color 
values for sediment samples collected by CPE-NC in 2013 and 2014, range from 5 (gray to 
olive gray) to 7 (light gray), with a typical value of 7 (light gray). The samples collected by 
CPE-NC in 2013 and 2014 represent the existing beach, which is a composite of the 
characteristics of material that has been placed on the beach during past nourishment 
projects and native beach sediment. 
 
The turbidity plume at the disposal end of the pipeline does not usually increase above 
ambient conditions when the material being dredged is of a coarse grain size as this 
material typically settles rapidly compared to finer material, as observed during the 
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dredging and inlet relocation at Bogue Inlet in 2005. The increase in dry beach as a result 
of beach nourishment is also expected to positively affect the shorebirds, water birds and 
colonial birds that utilize this habitat. Several bird species utilize this habitat for roosting, 
foraging and nesting.  Typically, the placement of beach compatible material serves to 
protect the dunes and beaches thereby causes positive direct and indirect impact. These 
events generally do not occur on a regular basis and the periodic loss of habitat utilized 
for foraging/resting shorebirds will continue. 
 
Sea Level Rise 
Many physical processes have the potential to influence shoreline change, sea level rise 
being one of them. The International Panel on Climate Change (IPCC, 2007) has concluded 
that global mean sea level rose at an average rate of about 1.7 ± 0.5 mm/year during the 
twentieth century. Recent climate research has documented global warming during the 
twentieth century, and has predicted either continued or accelerated global warming for the 
twenty-first century and possibly beyond (IPCC, 2007). This rate is anticipated to increase 
over the next 100 years. Rahmstorf (2007) predicts that global sea level in 2100 may rise 
0.5 m (1.6 ft) to 1.4 m (4.6 ft) above the 1990 level. For the State of North Carolina, the 
Coastal Resources Commission (CRC) is currently drafting a state policy on sea level 
rise rates to help the North Carolina coastal communities prepare for potential effects in 
the future. Presently, the predicted rate of increase used for planning purposes is 1.0 m 
(3.3 ft) by 2100 (Miller, pers. comm.). 
 
Regional trends in North Carolina show an increase of 0 to 3 mm/yr (0 to 0.00984 ft/yr), or 
a 0 to 1 ft/century. Guidelines from the USACE suggest that relevant sea level rise data 
should include a minimum of 40 years of data. Reporting stations close to the Ocean Isle 
Beach study area that have been collecting data for at least 80 years include Wilmington, 
NC (collecting data since 1935) and Charleston, SC (collecting data since 1923). The 
trends in sea level rise for these two stations are 0.68 feet/century for Wilmington and 
1.03 feet/century for Charleston. 
 
Sea-level change can cause a number of impacts in coastal and estuarine zones, including 
changes in shoreline erosion, inundation or exposure of low-lying coastal areas, changes 
in storm and flood damages, shifts in extent and distribution of wetlands and other coastal 
habitats, changes to groundwater levels, and alterations to salinity intrusion into 
estuariesand groundwater systems (e.g., CCSP, 2009). North Carolina has been identified 
by NOAA as one of three states with significant vulnerability to sea level rise. The 
State possesses the largest estuarine system on the U.S. Atlantic coast, with an 
extensive barrier island chain, and over 2,300 square miles of coastal land vulnerable to a 
1 m rise in sea level (Poulter et al, 2009). 
 
The impacts of historic rates of rise in sea level are implicitly included in the historic 
shoreline change data used for Ocean Isle Beach. By extrapolating data from long term 
sea level monitoring sites located in Wilmington, NC and Southport, NC, the rate of rise 
in sea level applicable to the project area is shy of 1 foot per century. Some projections 
suggest the rate of sea level rise could double within the next 50 to 100 years however 
since only a portion of the observed shoreline change rates are associated with sea level 
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rise, doubling the rate of sea level rise would not double the historic rate of shoreline 
change. 
 
No direct or indirect impacts are expected to occur as a result of sea level rise for any of 
the project alternatives. If sea levels continue to increase as predicted, then unmanaged 
areas of the dry beach and dune communities may become more vulnerable to erosion 
leading to negative cumulative impacts to these habitats. However, the project alternatives 
involving beach nourishment may help protect from these cumulative impacts. As an 
example of how sea level rise may or may not affect the performance of a beach 
nourishment project, the Wrightsville Beach and Carolina Beach Federal storm damage 
reduction projects can be evaluated. Both of these projects have been in existence since 
1965 (48 years) and have been subjected to a similar rate of sea level rise applicable to 
Ocean Isle Beach. A review of the nourishment rates for these two projects with and 
without sea level rise shows no significant change in the volume or frequency of periodic 
nourishment needed to maintain the projects. 
 
6. What are the environmental and economic impacts associated with each specific 
alternative? 
 
The following sections describe the additional environmental and economic impacts 
anticipated for each alternative being considered. For each alternative, a discussion of the 
project's effects on specific resources as well as several public interest criteria (i.e., 
Estuarine Habitats, Upland Hammock, Inlet Dunes and Dry Beaches, Intertidal Flats and 
Shoals, Oceanfront Dry Beach and Dune Habitats, Wet Beach Communities, Marine 
Habitats, Water Quality, Public Safety, Aesthetics, Recreational Resources, Navigation, 
Infrastructure, Solid Waste, Economics, Noise Pollution) is provided in order to better 
evaluate the environmental consequences of the project. Some of these criteria have been 
extracted from the list of public interest criteria identified in 33CFR320.4. The analysis of 
these criteria in this Chapter does not replace, or remove the need for, a more specific 
evaluation of the project with respect to the public interest criteria that will be provided in 
the Record of Decision. Appendix D provides a summary of the impacts presented in 
tablature form. 
 
A: IMPACTS ASSOCIATED WITH ALTERNATIVE 1: NO ACTION 
(CONTINUE CURRENT MANAGEMENT PRACTICES) 

 
Under Alternative 1, the Town and individual property owners would continue to respond 
to erosion threats in the same manner as in the past which includes a continuation of the 
Federal project and the maintenance of sandbags. The limits of the initial Federal project 
extended from base stations 0+00 to 183+00, however, the subsequent renourishment 
events in 2006/2007 and 2010 did not extend as far west. For the purposes of this analysis, 
it will be assumed that the future nourishment events for the Federal project will include 
the advanced fill template between stations 0+00 and 90+00. In recent years, shoreline 
management measures also included intermittent beach nourishment sponsored by the 
Town along the extreme eastern portion of the island. This area is not included in the 
Federal project. However, due to the limited success of the localized nourishment events, 
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it is unlikely that the Town would continue with these efforts and therefore will not be 
included in the assessment of impacts for Alternative 1. The history of the Federal and 
local beach nourishment projects, as shown in Table 5.4, have involved various volumes 
and fill limits. As stated above, it would be assumed that the Town would actively deploy 
sandbags as needed to protect threatened structures (Figure 2.6). Currently 57 
dwellings/dwelling units are protected by sandbags along the east end of the island. 
 
Table 5.4. Ocean Isle Beach’s Historical Beach Nourishment 
 

Project Start 
Date 

 
Volume 

(c.y.) 

 
Source 

 
Region 

March, 2001 1,866,000 Shallotte Inlet Federal Project Domain 
December, 2006 449,400 Shallotte Inlet Federal Project Domain 
December, 2006 155,000 Shallotte Inlet East of the Federal Project 

April, 2010 509,200 Shallotte Inlet Federal Project Domain 
 
The impacts associated with a continuation of existing conditions, as defined by 
Alternative 1, are described below. 

 
ESTUARINE HABITATS 

 
Salt Marsh Communities 

 
Direct and Indirect Impacts: The salt marsh resources within the Permit Area are located 
primarily along the sound sides of Ocean Isle Beach, Holden Beach and within the 
Shallotte River and associated creeks. During the 3-year Delft3D simulation, the model 
indicated some scour or erosion along a portion of the AIWW extending from Shallotte 
Inlet northeast to the mouth of the Shallotte River. Although some salt marsh habitat is 
located within this general area behind Holden Beach, neither direct nor indirect impacts 
are anticipated to be significantly incurred. 

 
Cumulative Impacts: Since 2001, Shallotte Inlet and its tidal prism have remained 
relatively stable as the location of the throat of the inlet has been maintained as part of the 
Federal project.  Alternative 1 includes the continuation of the Federal project and 
therefore it is expected that the salt marsh communities will continue to respond to 
naturally evolving shorelines. Therefore, beyond the existing natural processes of erosion 
and accretion, no significant adverse cumulative impacts are anticipated with Alternative 1 
on salt marsh communities. 
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Shellfish Habitat 
 
Direct, Indirect, and Cumulative Impacts: The dredging of material from Shallotte Inlet is 
predicted to cause a short term increase in turbidity and sedimentation levels which 
could impact shellfish resources. Due to the low silt percentage and the well-sorted sands in 
the majority of the areas to be dredged, the turbidity levels are expected to remain below 
the State standard outside the immediate area of dredging. However, due to the remote 
location of shellfish resources from Shallotte Inlet, no impacts are anticipated to these 
resources with the implementation of the No Action alternative. 
 
UPLAND HAMMOCK 
 
Direct and Indirect Impacts: The activities associated with No Action alternative are not 
anticipated to cause direct or indirect impacts to the upland hammock resources located 
within the Permit Area. This can be attributed to the distance of the resource from the 
oceanfront shoreline and lack of construction in proximity to these resources. 
 
Cumulative Impacts: The elevation of the upland hammock communities relative to sea 
level will minimize direct and/or indirect impacts to occur. However, the upland hammocks 
within the permit area may be threatened by potential sea level rise overtime. Sea level rise 
is forecasted to increase in rate and result in a rise as much as 1 meter by the year 2100 
(Miller, pers. comm.). This rate is predicted to be considerably less (1 foot over the next 100 
years) according to local monitoring stations.  In addition, as stipulated by North Carolina 
HB 819, only “historic rates of sea-level rise may be extrapolated to estimate future rates of 
rise but shall not include scenarios of accelerated rates of sea-level rise unless such rates are 
from statistically significant, peer-reviewed data and are consistent with historic trends.”. 
However, if any rise is validated, the increase in sea level could result in potential 
cumulative impacts to coastal upland hammocks present in the permit area. Outside of 
natural effects from sea level rise, no project impacts to upland hammocks are anticipated. 
 
INLET DUNES AND DRY BEACHES 
 
Direct Impacts: Sediment transport along the extreme east end of Ocean Isle Beach and the 
western end of Holden Beach is generated by both wave driven littoral currents and tidal 
currents flowing in and out of Shallotte Inlet. This combination of sediment transport 
factors results in sediment moving into Shallotte Inlet off the ends of the islands at a faster 
rate than wave driven currents alone can move sediment into the area. Aside from these 
natural processes and the continued use of the Shallotte Inlet borrow area, the 
implementation of Alternative 1 will not result in any direct impacts to the inlet dunes and 
dry community on the Ocean Isle Beach side or the Holden Beach side of Shallotte Inlet. 
The Federal project includes beach profile monitoring along 27,000 feet of shoreline on 
Ocean Isle Beach and about 10,000 feet of shoreline on the west end of Holden Beach. 
Associated with the monitoring program are shoreline change thresholds which if exceeded 
would require the federal project to mitigate for the adverse shoreline changes that exceed 
the thresholds. To date (October 2014) the monitoring program has not detected any adverse 
shoreline changes on either Ocean Isle Beach or Holden Beach.  
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Indirect and Cumulative Impacts: As shown in Table 5.2 above, Delft3D model results 
suggest that the sand spit extending off the east end of Ocean Isle Beach into Shallotte 
Inlet experienced erosion over the three-year simulation.  The ocean facing segment 
between station -5+00 and -20+00 lost material at a rate of 3,700 cubic yards/year while 
the segment closer to the inlet (-20+00 to -30+00) eroded at a rate of 700 cubic yards/year. 
The distal end of the sand spit experienced some significant erosion over the three-year 
simulation as indicated by the red-shaded area in Figure 5.4 above. On the western 4,000 
feet of Holden Beach, the model indicated erosion of 11,000 cubic yards/year landward of 
the -6-foot NAVD depth contours. However, there was essentially no change in the 
shoreline along the Holden Beach shoreline facing Shallotte Inlet. 
 
GIS analysis utilizing the biotic community map suggests indirect impacts of 1-2 acres to 
the inlet dune communities and 5-10 acres of impact to the inlet dry beach communities. 
The majority of these impacts are being incurred on the Ocean Isle Beach side of the inlet. 
 
The area along the extreme eastern portion of the oceanfront shoreline of Ocean Isle 
Beach outside of the Federal project template would be expected to result in negative 
indirect impacts due to the continued loss of suitable dry beach habitat, particularly in the 
areas with sandbag revetments. These indirect impacts would include a reduction of 
suitable habitat for the protected plant seabeach amaranth, shorebirds including piping 
plovers and red knots, and a reduction in area for humans to recreate. Furthermore, the 
survival rate of sea turtle hatchlings could be reduced due to possible inundation of 
encroaching mean high water marks through severe erosion. 
 
As stated in Chapter 4, critical habitat designation for North Carolina wintering piping 
plover includes a portion of inlet dunes and dry beach habitat along Holden Beach within 
Unit NC-17 (USFWS, 2001). Research has shown that wintering plovers on the Atlantic 
coast prefer wide beaches in the vicinity of inlets (Nicholls and Baldassarre, 1990; 
Wilkinson and Spinks, 1994). While wintering piping plovers have Critical Habitat within 
the Permit Area, piping plovers also nest in the region. Piping plovers nest in dry sand 
habitats above the high tide line along coastal beaches, spits, flats, barrier islands and 
other sparsely vegetated dune and beach environments, although they may utilize other 
shoreline habitats if these are not available. In addition, critical habitat has been 
designated for nesting sea turtles within Unit LOGG-T-NC-08 which encompasses the dry 
beach habitat along Holden Beach. Should the erosion continue along the inlet beaches on 
Ocean Isle Beach and Holden Beach, the overwintering critical habitat and nesting habitat 
for piping plovers and critical habitat for nesting sea turtles could be impacted. 
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INTERTIDAL FLATS AND SHOALS 
 
Direct Impacts:  Because the authorized borrow area within Shallotte Inlet for the 
Federal project and local beach nourishment activities often includes areas of intertidal 
shoals, Alternative 1 is expected to directly impact these resources due to the periodic 
excavation of material. Based off the delineated biotic community map using 2012 aerial 
photography, a total of 11.2 acres of intertidal shoals would be directly impacted by the 
excavation of the authorized Federal borrow area (Figure 4.1). These shoals are 
considered to be ephemeral and clearly it is not possible to anticipate the precise extent 
of these habitat types in the future, however, it is reasonable to assume that 
approximately 10-15 acres could be removed during subsequent dredging operations 
within the inlet. This would result in the loss of infaunal prey organisms residing in this 
habitat within the borrow area. 

 
The intertidal flats and shoals located elsewhere within the Permit Area, including 
the AIWW, Shallotte River, and other locations outside of the Federal borrow area would 
not be expected to be directly impacted by Alternative 1 as the tidal prism is not 
anticipated to be significantly altered. 

 
Indirect Impacts: As mentioned in Chapter 4, shorebirds, colonial waterbirds and other 
waterbirds will utilize intertidal flats and shoals in the inlet complex for foraging while 
traveling to their wintering and nesting grounds.  Breeding and non-breeding federally 
threatened species and species of special concern also utilize intertidal shoals. 
Macroinfaunal species found within intertidal flats and shoals are a primary food source 
for several migratory and resident shorebirds, waterbirds, as well as for many 
commercially and recreationally important fish. As stated above, a portion of the piping 
plover critical habitat unit NC-17 is located within Shallotte Inlet due to the presence of 
intertidal flats and shoals. These unconsolidated communities lack structure and are 
dynamic in nature. Therefore, the unconsolidated and unvegetated communities that 
occur in the inlet complex are expected to continue to be naturally redistributed. Periodic 
storms and seasonal climatic changes influence abundance and diversity of micro- and 
macrofauna, tending toward a more opportunistic community (Mallin et al., 2000; Street 
et al., 2005). 

  
The direct mortality of the macroinfaunal population in the dredged intertidal flats and 
shoals may have an indirect impact on bird and fish species that utilize flats and shoals as 
foraging grounds, refuge, nursery grounds, and spawning habitat.  It is anticipated that 
some benthic organisms will populate the dredged area within a short period of time, but 
there will be a time lag for when the area repopulates to its pre-construction community 
diversity and total numbers. In this recovery period, some individual bird and/or fish 
species may have to adjust to their foraging habits and temporarily use other areas. 
Several different fish species inhabit the intertidal flats and shoals and the water column 
within these areas. As reported by USACE (1984), species that utilize these habitats 
include red drum, spotted seatrout, bluefish, Atlantic croaker, kingfish, and mullet. These 
species forage upon many of the benthic organisms that reside within intertidal flats and 
shoals. Studies examining the effects of dredging and disposal on nearshore and estuarine 
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fish populations have reported rapid recovery or minimal effects following the removal of 
benthic organisms associated with dredging (Courtenay et al., 1980; de Groot, 1979a; de 
Groot, 1979b; Posey and Alphin, 2000). Furthermore, due to the winter time 
construction, many of these species will be located offshore and will not be utilizing the 
nearshore or inlet intertidal flats and shoal areas.  For any fish species that may be 
present, it is expected, like the bird resources, that their mobility will provide them the 
opportunity to temporarily relocate to adjacent habitats while dredging occurs. 

 
Delft3D modeling suggests that a total of 1-2 intertidal acres within the Permit Area could 
be indirectly impacted most likely attributable to changes in sediment transport through 
the inlet.  The USACE monitored the borrow area following the 2006-07 and 2010 
nourishment operations and indicated that the borrow area collects and average of 
16,500 cubic yards/month or slightly less than 200,000 cubic yards/year (Dennis, 2012 
personal communication). Provided that this infilling rate continues, the existing 
condition of abundant intertidal flats and shoal would be expected to persist and provide 
habitat value for foraging birds and fish within approximately 2 years. 

 
Cumulative Impacts: Intertidal flats and shoals are an extensive habitat type within the 
coastal waterways in southeast North Carolina. Although the extent of intertidal flats and 
shoals within the Permit Area may be altered during dredging events within the inlet and 
during response to storm events, the habitat is expected to persist because the delivery of 
material through the inlet and down the Shallotte River is expected to continue. The 
infaunal species which utilize them are not anticipated to be adversely impacted due to 
their resilient nature. 

 
OCEANFRONT DRY BEACH AND DUNE HABITATS 

 
Oceanfront Dune Communities 

 
Direct Impacts: Although the design template for the Federal beach nourishment project 
includes the construction of a dune section extending from baseline station 51+50 to 
baseline station 103+00, future nourishment is not anticipated to include dune 
construction due to the fact that these future operations will be limited to providing 
advanced fill only. Therefore, no impacts to the oceanfront dune communities are 
anticipated along Ocean Isle Beach. The extensive oceanfront dune communities located 
along Holden Beach are not anticipated to be impacted aside from natural overwashing 
and other storm-induced events. 

 
Indirect Impacts: The nourishment of the Federal project would be expected to provide 
protection of the existing oceanfront dunes along Ocean Isle Beach due to the increased 
size of the dry beach.  A more stable beach condition as a result of the placement of 
material along the extreme east end of Ocean Isle Beach could potentially promote 
conditions suitable for dune plant species establishment and growth. In turn, plant stems 
tend to trap wind‐borne sand. In the absence of any significant erosion, these areas could 
potentially form into smaller foredunes near the upper beachdune transition zone. As 
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such, the vegetative dune communities would be positively indirectly impacted by 
Alternative 1.  This would include positive impacts to seabeach amaranth, birds, and 
other biological resources utilizing the oceanfront dunes as habitat. 

 
Cumulative Impacts: The dune construction associated with the Federal project is 
scheduled to occur every three  (3) years until the authorization expires in the year 
2051. As such, the cumulative impacts of the dune resources along portions of Ocean Isle 
Beach would be positive as the nourishment would serve to protect these resources. 
However, these resources, along with those present on Holden Beach, remain vulnerable 
to storm damage and overwashing. Furthermore, if the predicted increase in rates of sea 
level rise (Miller, pers. comm.; IPCC, 2007) is validated, this will potentially threaten the 
long term viability of dunes within the permit area as storm surges combined with 
increased sea level could degrade these resources.  

 
Oceanfront Dry Beach Communities 

 
Direct Impacts: The dry beach area is a high energy area that does not support much 
vegetation; however this habitat is utilized by several species of sea turtles and 
shorebirds.  Beaches, as well as inshore and offshore waters, along the Atlantic Coast of 
the United States are important developmental habitats for many of the threatened and 
endangered species of sea turtles (Shoop and Kenney, 1992; Ehrhart, 1983; Keinath et al., 
1987); which includes the oceanfront shoreline of Ocean Isle Beach and Holden Beach 
(Figures 4.6-4.9). 

 
The dry beach community along Ocean Isle Beach may be directly impacted in response 
to the Federal beach nourishment and the maintenance of sandbag revetments associated 
with Alternative 1. Beach nourishment activity will initially disturb the dry beach habitat 
due to the use of bulldozers, however ultimately it will serve to increase the amount of 
dry beach habitat. As described above previously General Environmental Consequences 
Related to Beach Fill, the invertebrates and infaunal communities present within the dry 
beach habitat will be directly impacted due to burial, however due to the resilient nature 
of these organisms and the use of compatible material, the impacts will be temporary. 

 
While sandbags may provide protection to the structures behind them, they are 
impermeable structures and therefore will not absorb wave energy which could cause 
local beach scour to accelerate. A total of 15.1 acres of dry beach along the Ocean Isle 
Beach shoreline would be directly impacted by the addition of fill material by the Federal 
beach nourishment project every three (3) years. Due to the ineffectiveness of local beach 
nourishment efforts along the extreme east end of the island, for the purposes of this 
analysis no additional events would be anticipated and therefore no additional impacts to 
the dry beach would be expected. 

 
No direct impacts to the oceanfront dry beach are anticipated to occur along Holden 
Beach as a result of Alternative 1. 
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Indirect Impacts: Delft3D model results suggest that approximately 0-5 acres of 
oceanfront dry beach habitat may be impacted following the construction of the Federal 
beach nourishment project. High rates of erosion would persist along the east end of 
Ocean Isle Beach from the -6 foot NAVD contour between stations 0+00 and 0+30. 
Delft3D model results suggest that 24,000 cubic yards of material would be lost per year 
within this location. Erosion would also be expected to continue further west with 
erosion rates of 18,000, 14,000, and 7,000 cubic yards per year at between stations 
30+00-60+00, 60+00-90+00, and 90+00-120+00, respectively. The west end of Holden 
Beach between stations 385+00 and 344+00 is also experiencing erosion from the -6 foot 
contour at a rate of 44,000 cubic yards per year. 

 
An alternate indicator of the erosion threat along the study area is the position and 
movement of the erosion scarp. The movement of the erosion scarp is impacted to a 
lesser degree by sand placement and to some extent by the installation of sandbag 
revetments. The position of the scarp line also provides a more reasonable indicator as to 
when a structure is likely to experience erosion damage. Figure 5.6 shows the position of 
the erosion scarp from the analysis of the LiDAR data. The decreasing trend in the 
recession of the scarp line moving west away from Shallotte Inlet provides additional 
evidence of the negative shoreline impacts Shallotte Inlet is having on the east end of 
Ocean Isle Beach. Some of the decrease in scarp recession west of profile 10 can be 
attributed to nourishment of the Federal storm damage reduction project. However, with 
very little material placed directly on the shoreline near profile 10, the impact of the 
Federal project is more indirect in this area and is associated with horizontal spreading of 
the fill material toward the east. 
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Figure 5.6. Scarp Line Position (1997-2010) 
 
Along with directly impacting infaunal communities, beach nourishment will indirectly 
impact the nesting and resting habitats for shorebirds including piping plovers and red 
knots provided by the dry beach due to the temporary removal of prey. As stated under 
the General Environmental Consequences Related to Beach Fill section above, the 
infaunal prey is expected to recover within approximately 1 year following construction. 

 
According to Greene (2002), beach nourishment can benefit endangered and threatened 
sea turtles by restoring habitat along eroded beaches. Some studies have found no 
significant difference between nourished and non-nourished beaches in the number of 
eggs per nest, as well as, hatching and emergence success (Nelson et al., 1985; Ryder, 
1991). Other projects have shown increased numbers of nests, hatchlings, and survival 
rate of young turtles (Raymond, 1984). The widened beach along the fill area within the 
Federal project will benefit sea turtles since they require dry beaches to nest, preferring to 
nest along wide sloping beaches or near the base of the dunes. The composition, color, 
and grain size of the placed sand can affect the incubation time, sex, and hatching success 
of turtle hatchlings (Street et al., 2005). Physical characteristics such as density, 
compaction, shear resistance, moisture content, slope, sand color, grain size, grain shape, 
sand mineral content, and gas exchange may affect the success of sea turtle nests (Nelson 
and Dickerson 1988, Crain et al. 1995). The fill placed on Ocean Isle Beach will conform 
to the State sediment criteria rules and therefore is not expected to impact the nesting 
success of sea turtles. 
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Cumulative Impacts: Although the periodic beach nourishment activities associated with 
Alternative 1 result in the increase of dry beach, the events are not enough to abate the 
chronic erosion along the eastern end of Ocean Isle Beach; therefore a loss of dry beach 
habitat would be expected to continue over time.  This would therefore result in an 
overall reduction of adequate turtle nesting habitat, shorebird and water bird habitat, and 
recreational opportunities along the oceanfront portion of the island. In addition, 
recreational opportunities such as sunbathing and beach combing would be expected to be 
reduced due to the eroding shoreline conditions. 

 
If sea levels continue to increase as predicted, then unmanaged areas of the dry beach 
community may become more vulnerable to erosion leading to negative cumulative 
impacts to the dry beach. However, an example of how sea level rise may or may not 
affect the performance of a beach nourishment project, the Wrightsville Beach and 
Carolina Beach Federal storm damage reduction projects can be evaluated. Both of these 
projects have been in existence since 1965 (48 years) and have been subjected to the same 
rate of sea level rise applicable to Ocean Isle Beach. A review of the nourishment rates for 
these two projects with and without sea level rise shows no significant change in the 
volume or frequency of periodic nourishment needed to maintain the projects. 

 
WET BEACH COMMUNITIES 

 
Direct Impacts: The addition of beach fill to Ocean Isle Beach between stations 10+00 and 
90+00 will cause direct impacts to approximately 14.4 acres of the wet beach community. 
The infaunal communities found within the wet beach environment, which include macro 
infaunal species such as polychaete worms (Phylum Annelida), coquina clams (Donax 
variabilis and D. paruvula) and mole crabs (Emerita talpoida), would be directly 
impacted as they become buried by fill material.  A study conducted by Maurer (National 
Research Council, 1995) concluded that the burial these species are capable of burrowing 
through sand up to 40 cm, however deeper burial depths often prove to be fatal. Despite 
this, due to the rapid recruitment of these organisms combined with the use of compatible 
beach fill material, these impacts should be temporary.  As mentioned in Chapter 4, 
Nelson (1985) indicates that organisms that reside in intertidal zones are more adaptable to 
fluctuations in their environment, including high sediment transport and turbidity levels. 
Furthermore, infauna living in a high-energy environment, especially the intertidal area, 
are well adapted to disturbances (Van Dolah et. al, 1994; Levison and Van Dolah, 1996).  

 
The wet beach communities on Holden Beach are not anticipated to be impacted. 

 
Indirect Impacts: Indirect impacts may affect shorebirds, crustaceans, and fish attempting 
to forage along the stretch of shoreline receiving fill. The removal of the benthic infaunal 
species may indirectly impact these higher trophic species as the abundance of their prey 
is temporarily reduced. However, the magnitude of indirect impacts to these higher level 
trophic species may be mitigated by the large area of habitat available beyond the 
nourishment site. Furthermore, peak larval recruitment periods for most benthic species 
are avoided by federal disposal typically occurring during winter months. 
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Sandbags used to provide storm protection for threatened structures on Ocean Isle Beach 
may reduce the area of wet beach by providing a temporary barrier to the migration of 
wet beach along the active beach profile. These structures are generally installed when 
the mean hide tide is within twenty feet of a home or other infrastructure, which is the 
state requirement prior to authorizing oceanfront sandbags. This leaves minimal or no 
wet beach habitat to support infaunal communities. Based on future shoreline change 
analysis, approximately 25-30 acres of wet beach are anticipated to be indirectly impacted 
within the Permit Area, specifically along the oceanfront shoreline along the east end 
of Ocean Isle Beach. 

 
Cumulative Impacts: The periodic beach nourishment activities occurring on Ocean Isle 
Beach will temporarily impact the wet beach but is not expected to result in long term 
impacts. However, sandbag placement could potentially result in cumulative impacts on 
wet beaches along the ocean shoreline of Ocean Isle Beach over a longer period. The 
wet beach habitat in southeast North Carolina is expected to persist despite the potential 
for increased rates in sea level rise and shore management activities. 

 
MARINE HABITATS 

 
Softbottom Communities 

 
Direct Impacts: Softbottom communities are dynamic in nature where periodic storms 
and seasonal climatic changes influence abundance and diversity of micro and 
macrofauna, tending toward a more opportunistic community (Mallin et al., 2000; Street 
et al., 2005). Softbottom communities may also change with natural shifting patterns of 
sediment erosion or deposition (Street et al., 2005). Despite their dynamic state, 
softbottom resources could directly be impacted by increased levels of turbidity, 
immediate removal, and immediate burial of infaunal biota during dredge and fill 
operations as described above under the sections entitled General Environmental 
Consequences Related to Dredging and General Environmental Consequences Related to 
Beach Fill. These effects would occur during the dredging within Shallotte Inlet and the 
placement within the toe of fill between stations 10+00 and 90+00 in the Permit Area 
totaling 161.1 acres of softbottom habitat.  These direct impacts include 17.3 acres of 
softbottom habitat within the Shallotte Inlet borrow area. 

 
Because the beaches along the western portion of Holden Beach will not receive disposal 
material, impacts to softbottom resources outside of natural shifting processes on or 
around Holden Beach in response to Alternative 1 are not anticipated. 

 
Indirect Impacts: Indirect impacts include the temporary loss of prey for foraging fish and 
invertebrates from the softbottom habitats within the footprint of the borrow area within 
Shallotte Inlet. Additional indirect impacts to the softbottom habitat could be incurred as a 
result of the placement of material on the existing dry beach as the profile reaches 
equilibrium. A literature review of the effects of beach nourishment on benthic habitat 
performed by Taylor Engineering (2009), prepared for the Florida Department of 
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Environmental Protection, evaluated documents that covered a wide variety of sites along 
the Atlantic and Gulf coasts and spanned the years of 1980 to 2007. The review concluded 
that benthic habitat within nourished areas typically recovered within 2 to 7 months. 
Variability was attributed to the season in which fill activities occurred and the 
compatibility of the fill material, with winter projects having less of an impact. The Nags 
Head beach nourishment project provides a recent example of the effect of a project that 
was conducted during the peak period of benthic productivity. The project was 
constructed over the months of May through October, spanned approximately 10 miles 
and utilized an offshore borrow source located within states waters. The first post year 
monitoring report for the 2011 project was released in June of 2013. The report concludes 
that benthic populations in the nourished beach as well as the offshore borrow area are 
generally not significantly different from control stations and demonstrate viable 
populations of organisms during the earliest post project sample events (CZR, 2013). 
These potential impacts may be minimized further as the effects of sediment alteration in 
high energy sandy environments, such as Shallotte Inlet, are often minimized (Saloman et 
al. 1982, Pullen and Naqvi 1983). A total of 0-1 acre of softbottom may be indirectly 
impacted as a result of the implementation of Alternative 1. 

 
Cumulative Impacts:  Although the infaunal resources within the footprint of the 
dredging activities within Shallotte Inlet would be expected to recover relatively rapidly, 
cumulative impacts to this resource within this location could be incurred due to the fact 
that the Federal project calls for dredging every three years as the borrow area fills in. 
The USACE monitored one of the borrow areas following the 2006-07 and 2010 
nourishment operations and determined that the borrow area collects an average of 16,500 
cubic yards/month or slightly less than 200,000 cubic yards/year (Dennis, 2012 personal 
communication). In general, the softbottom resources within the State of North Carolina 
are extensive and the impacts associated with dredging the 17.3 acre footprint within 
Shallotte Inlet is not expected to cause cumulative impacts to infaunal communities as a 
whole within the State. 
 
WATER QUALITY 

 
Turbidity and TSS 

 
Direct and Indirect Impacts: Excessive sediment loading increases turbidity and 
sedimentation, which can result in the clogging of fish gills and reduced recruitment of 
invertebrates. Furthermore, turbidity can suppress SAV growth, cause low oxygen events 
leading to fish kills, and cause mortality of organisms in the softbottom community, 
including shellfish. Dredging within Shallotte Inlet and the placement of beach fill 
material along the east end of Ocean Isle Beach is expected to result in temporary 
increases in suspended sediment and turbidity. Areas of increase are expected along the 
nearshore environment where placement occurs and within the borrow area where the 
cutterhead dredge operates. Measurements for turbidity and TSS were taken before, 
during, and after dredging within Nixon Channel in proximity to Figure Eight Island, NC 
and the associated placement of beach fill along the northern oceanfront shoreline. Cleary 
and Knierim (2001) determined that both parameters increased at the point of discharge 
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on the oceanfront shoreline, however, these values returned to ambient conditions rapidly. 
Therefore, any increase in turbidity associated with the dredge and fill activities 
associated with Alternative 1 would be of short duration, as observed in Nixon 
Channel and during the Bogue Inlet Channel Relocation Project in Emerald Isle, NC. Any 
increase of turbidity or TSS will be minimized further because the silt content of the 
material in the existing permit area in Shallotte Inlet is relatively low, averaging about 
1.3%. 

 
Cumulative Impacts:  Natural conditions within the Permit Area exhibit fluctuations in 
turbidity and TSS levels as a result of sediment transport during ambient conditions as 
well as during storm events.  Dredging of the inlet every three years as part of the Federal 
project will be expected to result in increased turbidity, however, those dredging events 
will be limited to a finite duration of time spanning several months every three years. 
Under Alternative 1, erosion of the soundside shoreline would continue with minimal 
changes in turbidity levels as a result. Turbidity and TSS levels would be expected to 
increase during storm events. Therefore, naturally fluctuating turbidity and TSS levels 
would continue with or without beach nourishment and dredging efforts proposed under 
Alternative 1, therefore no adverse cumulative effects are anticipated. 

 
Nutrients 

 
Direct, Indirect, and Cumulative Impacts:  The implementation of Alternative 1 is not 
anticipated to impact the nutrients within the waters located in the Permit Area. 
 
WATER COLUMN 

 
Hydrodynamics and Salinity 

 
Direct, Indirect, and Cumulative Impacts: Based on the modeled changes to the tidal 
prism for Alternative 1, the tidal prism of the inlet as a whole is not anticipated to 
substantially change over the 3-year simulation period following dredging within the 
Federal borrow area within Shallotte Inlet. Despite these anticipated minor alterations in 
tidal prism, hydrodynamics and salinity are not expected to be impacted in response to 
Alternative 1 due to the large volume of water moving through the system. 

 
Larval Transport 
 
Direct Impacts: The dredging associated with the Federal beach nourishment project 
associated with Alternative 1 are not anticipated to significantly impact larval transport 
through Shallotte Inlet despite the unavoidable entrainment of larvae. The lack of 
significant direct impacts is due to the relatively small volume of water pumped through 
the dredge compared to the tidal exchange within the inlet combined with the limited 
duration of dredging. In addition, dredging would be performed during the winter months 
when most larvae are found within the water column ingressing into the estuary in lower 
densities compared to spring and summer months (Ross and Epperly 1985). As such, these 



146 146 

 

 
DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Protection Project EIS 
 

impacts are anticipated to be limited. It should be noted, however, that some fish expected 
to be within the project area are winter and early spring spawners including spot, Atlantic 
croaker, southern and summer flounders, and menhaden. 

 
Indirect and Cumulative Impacts: No indirect or cumulative impacts are anticipated. 

 
PUBLIC SAFETY 

 
Direct and Indirect Impacts: The current erosion rate along the oceanfront shoreline on 
the eastern end of Ocean Isle Beach is presently threatening the integrity of numerous 
dwellings and infrastructure. The activities associated with Alternative 1 will provide 
some level of protection from storm induced erosion in the near term, and thereby 
provide positive direct to public safety in the short term. However, despite the 
implementation of the Federal shoreline protection project, the installation of sandbags, 
and other sporadic beach nourishment events along the east end of Ocean Isle Beach, 45 
homes east of station 15+00 (located just west of Shallotte Boulevard) would be 
considered to be vulnerable to erosion damages over the next 30 years should the past 
erosion trends continue. In addition, over 1,800 feet of roads and associated utilities could 
also be damaged or lost over this 30-year timeframe. Of the 45 homes at risk, 18 are 
considered to be located on the oceanfront row, 12 on the second row, and the remaining 
15 farther back on the 3rd and 4th rows. While Alternative 1 includes the future installation 
of sandbags to protect threatened structures and infrastructure, past experience has shown 
sandbags can only delay the shoreline retreat, but not permanently halt it. It is therefore 
expected that additional homes and infrastructure could succumb to erosion and present a 
significant public safety hazard due to unstable roadways, debris from demolished 
homes, and unstable water and sewer pipes. These impacts may include the release of 
sewage and other hazardous materials onto the beach and into the coastal waters resulting 
in closed areas of the beach impeding recreation  

 
During the construction of Alternative 1, public safety will be temporarily impacted due 
to the usage of heavy machinery within Shallotte Inlet and along the oceanfront shoreline 
Ocean Isle Beach. Pipelines would be extended from the Shallotte Inlet borrow area to 
the oceanfront shoreline on Ocean Isle Beach. However, construction will take place 
within the environmental dredging window of November 16t through April 30 when 
public use of the inlet and the beach is at its lowest peak. No public safety impacts would 
be incurred on Holden Beach. 

 
Cumulative Impacts: The activities described within Alternative 1 are anticipated to only 
provide short-term protection from erosion and storm induced damage to Ocean Isle 
Beach’s infrastructure. Ultimately, demolition activities, road undermining, and exposure 
of utilities would continue as long as the erosion continues to threaten the infrastructure.  
The longer the situation exists, the higher the risk of personal injury. These impacts 
may be further exacerbated if the predicted rise in sea level occurs over the next thirty 
(30) years. 
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AESTHETIC RESOURCES 
 
Direct Impacts: During dredging and fill events, the presence of construction equipment 
would temporarily detract from the aesthetics of the waterways and beach of Ocean Isle 
Beach. The aesthetic resources are also expected to be impacted by the continued presence 
of sandbags along Ocean Isle Beach’s oceanfront shoreline. 

 
Indirect and Cumulative Impacts: The chronic erosion experienced along portions of 
Ocean Isle Beach would be expected to continue despite the implementation of the 
Federal project and the continued use of sandbags. The threatened homes and 
infrastructure could eventually succumb to the threat of damage and destruction 
associated with the loss of the protective shoreline resulting in negative impacts to the 
natural beauty of the beach. Continued erosion along the oceanfront shoreline along the 
eastern portion of Ocean Isle Beach could also result in a significant loss of land, personal 
property, and roads, which would negatively affect the aesthetic quality of the island. 
These impacts may be further exacerbated if the predicted rise in sea level occurs over the 
next thirty (30) years. It is expected that the presence of sandbags will persist over a 
long period of time. 

 
RECREATIONAL RESOURCES 

 
Direct Impacts: Negative direct impacts will include the reduction of recreational 
opportunities such as sunbathing, beachcombing, surf fishing, and walking along the 
beach during beach fill events. Impacts to recreation are expected to be minimal since 
beach fill activities will generally take place during winter months when recreational 
activities are at their lowest levels. 
  
Indirect and Cumulative Impacts: Immediately following construction, recreational 
resources and opportunities are expected to benefit from the increased size and extent of 
the nourished beaches along Ocean Isle Beach’s oceanfront shoreline. This will offer 
additional area for surf fishing, bird watching, and other recreational opportunities. 
However, recreational activities will be interrupted every three (3) years during 
maintenance dredging and beach fill operations. As the erosion continues along the 
affected stretch of shoreline on Ocean Isle Beach, recreational opportunities such as 
beachcombing, sunbathing, surf fishing, and walking along the beach may be negatively 
impacted towards the end of the three (3) year nourishment cycle. Furthermore, access 
along the stretch of beach with high erosion may be restricted during the time of high 
tide due to the presence of sandbags. 
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NAVIGATION 
 
Direct, Indirect, and Cumulative Impacts: The continued dredging within Shallotte Inlet 
every three years in association with the Federal project will benefit navigation due to the 
excavation of material well below the required depth for navigation. The area beyond the 
authorized borrow area, however, would remain relatively shallow, yet navigable. During 
the dredging, however, navigation will be temporarily directly impacted due to the 
presence of the dredge and associated pipelines within the inlet. At no time will complete 
restriction of navigation occur in the inlet during dredge operations. Restrictions will be 
determined by the United States Coast Guard (USCG) and will be limited to the areas 
where the dredge and the pipelines are located. 

 
INFRASTRUCTURE 

 
Direct and Indirect Impacts: Infrastructure along Ocean Isle Beach’s extreme east end 
(east of station 15+00) may be directly impacted despite the shore protection efforts 
associated with Alternative 1. However, the area to the west of station 15+00 would be 
expected to  incur some protection and hence positively impact infrastructure due to 
the short-term protection provided by beach nourishment and sandbags. 

 
Cumulative Impacts: The implementation of Alternative 1 will have a negative cumulative 
impact on the sustainability of existing infrastructure on Ocean Isle Beach due to the 
ineffectiveness of historical beach nourishment projects along the extreme eastern portion 
of the island over time. Past nourishments at this location have proven to provide short 
term protection due to the inability for the material to persist on the nourished beach. 
Therefore, the continuation of beach nourishment events and the use of sandbags are 
anticipated to afford only temporarily protection to those homes and infrastructure 
located on the eastern portion of the island. Several of the homes located on the eastern 
portion of the island with protective sandbags are considered to be unsafe during storm 
events.  Based on Delft3D and other analysis, there are currently 238 parcels and 45 
homes east of station 15+00 that are vulnerable to erosion damage over the next 30 
years should the past erosion trends continue. Of the 45 homes at risk, 18 are considered 
to be located on the oceanfront row, 12 on the second row, and the remaining 15 farther 
back on the 3

rd and 4
th rows. In addition, over 1,800 feet of roads and associated 

utilities could also be damaged or lost over this 30-year timeframe. 
 
SOLID WASTE 

 
Direct Impacts: Should the sandbagged homes along the extreme eastern end of Ocean 
Isle Beach succumb to erosion and become demolished, increased levels of solid waste 
would be expected. Further to the west, no direct impacts will be anticipated due to the 
short term protection provided by beach nourishment, beach scraping, and installation of 
sandbags. 
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Indirect and Cumulative Impacts: The continued chronic erosion of the oceanfront 
shoreline along the east end of Ocean Isle Beach could result in the degradation and 
destruction of residential homes, public roads, and service utilities. Alternative 1 provides 
many of the threatened structures with only temporary protection and therefore, they may 
ultimately need to be demolished in the event of a severe storm or the continuation of 
chronic erosion. The debris generated from the demolition of these structures could 
indirectly and cumulatively impact the amount of solid waste deposited in local sanitary 
landfills. The volume of material to be placed in the landfill may have to be accounted for 
in the Brunswick County’s long range plan for solid waste facilities. 

 
Cumulative impacts could also result from the gradual deterioration of the sandbag 
revetments. While permit restrictions may warrant future removal of the existing and 
future sandbag structures, removal of all of the sandbag debris is problematic as the 
material settles deep into the sand. Over time, any remaining material could be uncovered 
and become flotsam which could pose a threat to marine animals. 

 
ECONOMICS 

 
Direct, Indirect, and Cumulative Impacts: Under Alternative 1, a total of 45 houses 
would be impacted by erosion trends within the next 30 years. The economic impact of 
the damage was calculated at approximately $3.18 million for the cost of relocating or 
demolishing threatened structures, $2.89 million for the value of structures that would be 
demolished, and $21.39 million for the loss of approximately 238 parcels. The value of 
homes that were assumed to be moved to another lot totaled about $1.30 million. The 
relocated homes were assumed to maintain their tax value, however the lots on which 
they were located would eventually be lost to erosion. In addition, damages to roads and 
utilities would total $2.09 million with the cost of installing temporary sandbag 
revetments equal to $5.40 million. The damages and erosion response costs over the next 
30 years total approximately $35.15 million. Approximately 32% of the total damages 
would occur within the first ten years of the 30-year planning period. 

 
The Town of Ocean Isle Beach will continue to participate in the Federal storm damage 
reduction project under Alternative 1. Assuming each three-year periodic nourishment 
operation will provide an average of 408,000 cubic yards of material, the cost for future 
periodic nourishment would be around $6,644,000. Based on the existing Project 
Cooperation Agreement with the Federal Government, the Federal share of the cost for 
each periodic nourishment operation would be 65% or $4,320,000 with the non-Federal 
share equal to $2,324,000 or 35%. Over the 30-year planning period, the total cost for 
periodic nourishment of the Federal project would be $66.44 million with the Federal 
government share equal to $43.19 million and the non-Federal share equal to $23.25 
million. 

 
The cost for periodic nourishment of the Federal project is included in the 30-year costs 
for Alternative 1 due to the impact of some of the other alternatives on future nourishment 
cost. Thus, the total economic cost for Alternative 1 over the 30-year planning period, 
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including the cost for periodic nourishment of the Federal storm damage reduction project, 
would be approximately $101.49 million. 

 
NOISE POLLUTION 

 
Direct Impacts: Dredging in Shallotte Inlet, which is included in Alternative 1, would 
temporarily raise the noise level in the areas of the dredge and the discharge point on the 
beach.  Homes within proximity of the discharge point would experience higher noise 
levels due to ongoing usage of bulldozers leveling the material. This would be short-term 
since the equipment would be constantly relocating as work moves down the beach. 
Construction equipment would be properly maintained to minimize these effects in 
compliance with local laws. Also, dredging and beach placement would occur during 
times when residents and visitors are less likely to be present. 
 
Indirect and Cumulative Impacts: No indirect or cumulative impacts pertaining to noise 
pollution are anticipated due to the low frequency of beach nourishment events and the 
time of year. 

 
B. IMPACTS ASSOCIATED WITH ALTERNATIVE 2: ABANDON/RETREAT 

 
For Alternative 2, the Town of Ocean Isle Beach, NC DOT, and the individual property 
owners would not take any action to slow erosion in the area east of Shallotte Boulevard 
to Shallotte Inlet. This includes installation of new sandbags, beach scraping/bulldozing, 
or intermittent beach nourishment projects described above in Alternative 1. Also, the 
Town of Ocean Isle Beach would not make any effort to pursue a long-term beach 
nourishment project or inlet channel relocation project aimed at addressing the east end 
erosion problems.  Periodic nourishment of the federal storm damage reduction project 
would continue with an average of 408,000 cubic yards of material being placed on Ocean 
Isle Beach between baseline stations 10+00 (Shallotte Boulevard) and 120+00. Once the 
existing temporary sandbag revetments fail or have to be removed upon reaching the 
end of their permit period, the affected structures would either be abandoned (demolished) 
or moved to another lot on the island. The shoreline retreat scenario for Alternative 2 
assumed the existing 1,800-foot sandbag revetment on the east end of the island would 
fail and the shoreline would move to a position it would have occupied in 2015 had the 
sandbags not been present. Given adequate funding, the Federal beach nourishment 
project would be assumed to continue on a 3-year nourishment interval along the island.  

 
ESTUARINE HABITATS 

 
Salt Marsh Communities 

 
Impacts to the salt marsh communities would be the same as those described for 
Alternative 1. 
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Shellfish Habitat 
 
Impacts to shellfish habitat for Alternative 2 are the same as those discussed above for 
Alternative 1. 

 
UPLAND HAMMOCK 

 
Impacts to upland hammock habitat for Alternative 2 are the same as those discussed 
above for Alternative 1. 

 
INLET DUNES AND DRY BEACHES 

 
Impacts to the inlet dunes and dry beaches would be the same as those described for 
Alternative 1. 

 
INTERTIDAL FLATS AND SHOALS 

 
Impacts to the intertidal flats and shoals would be the same as those described for 
Alternative 1. 

 
OCEANFRONT DRY BEACH AND DUNE HABITATS 

 
Oceanfront Dune Communities 

 
Impacts to the oceanfront dune communities would be the same as those described for 
Alternative 1. 

 
Oceanfront Dry Beach Communities 

 
Direct Impacts: The direct impacts to the oceanfront dry beach communities would be 
the same as those described for Alternative 1. 

 
Indirect Impacts: The indirect impacts associated with Alternative 2 would be similar to 
those described for Alternative 1, however, once the existing 1,800-foot sandbag 
revetment on the east end of the island would fail or have to be removed upon reaching 
the end of their permit period, the affected structures would either be abandoned 
(demolished) or moved to another lot on the island. The shoreline retreat scenario for 
Alternative 2 assumed sandbag revetment would fail and the shoreline would move to a 
position it would have occupied in 2015 had the sandbags not been present. Following 
the failure of the sandbag revetment, the shoreline would migrate at historic rates, 
measured for each profile on the east end of the island (Appendix B) for at least the next 
30 years. 

 
Cumulative Impacts: The cumulative impacts to the oceanfront dry beach communities 
would be the same as those described for Alternative 1. 
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WET BEACH COMMUNITIES 
 
Direct Impacts: The direct impacts to the wet beach communities would be the same as 
those described for Alternative 1. 

 
Indirect Impacts: Indirect impacts may affect shorebird, crustacean and fish attempting to 
forage along the stretch of shoreline receiving fill. The removal of the benthic infaunal 
species may indirectly impact these higher trophic species as the abundance of their prey 
is temporarily reduced. However, the magnitude of indirect impacts to these higher level 
trophic species may be mitigated by the large area of habitat available beyond the 
nourishment site. Furthermore, peak larval recruitment periods for most benthic species 
are avoided by Federal disposal typically occurring during winter months. 

 
Without sandbags, the wet beach community could become further impacted as the scarp 
line continues to advance and eventually undermine homes and infrastructure. Once 
abandoned, if these homes are not demolished and removed, they would be expected to 
succumb to the erosion and fall upon the wet beach community thereby impacting its 
biological resources further. 

 
Cumulative Impacts: The cumulative impacts to the wet beach communities would be 
the same as those described for Alternative 1. 

 
MARINE HABITATS 

 
Softbottom Communities 

 
Impacts to the softbottom communities would generally be the same as those described 
for Alternative 1. However, should the Town decide to forgo its attempts to nourish the 
extreme east end of the island, the borrow area within Shallotte Inlet may not be utilized 
to the same extent as presented in Alternative 1. 

 
WATER QUALITY 

 
Turbidity and TSS 
Impacts to the turbidity and TSS would be the same as those described for Alternative 1. 

 
Nutrients 

 
Similar to Alternative 1, Alternative 2 is not anticipated to impact the nutrients within the 
waters located within the Permit Area. 
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WATER COLUMN 
 
Hydrodynamics and Salinity 

 
Impacts to the hydrodynamics and salinity would be the same as those described for 
Alternative 1. 

 
Larval Transport 

 
Impacts to the hydrodynamics and salinity would be the same as those described for 
Alternative 1. However, should the Town decide to forgo its attempts to nourish the 
extreme east end of the island, the frequency and/or duration of dredging within Shallotte 
Inlet may be reduced thereby limiting impacts to larval transport through the inlet. 
 
PUBLIC SAFETY 

 
The impacts to public safety for Alternative 2 would be similar to those described for 
Alternative 1, however, with no action being taken to protect threatened homes and 
infrastructure via the utilization of sandbags, damages would occur continuously 
throughout the 30-year analysis period rather than in 5-year increments as in Alternative 
1. 
 
AESTHETIC RESOURCES 

 
Direct Impacts: During dredging and fill events, the presence of construction equipment 
would temporarily detract from the aesthetics of the waterways and beach of Ocean Isle 
Beach. 

 
Indirect and Cumulative Impacts: The chronic erosion experienced along portions of 
Ocean Isle Beach would be expected to continue despite the implementation of the 
Federal beach fill project. The threatened homes and infrastructure could eventually 
succumb to the threat of damage and destruction associated with the loss of the protective 
shoreline resulting in negative impacts to the natural beauty of the beach. Continued 
erosion along the oceanfront shoreline along the eastern portion of Ocean Isle Beach 
could also result in a significant loss of land, personal property, and roads, which would 
negatively affect the aesthetic quality of the island. These impacts may be further 
exacerbated if the predicted rise in sea level occurs over the next thirty (30) years. It is 
expected that the presence of sandbags will persist over a long period of time. 

 
RECREATIONAL RESOURCES 

 
Impacts to recreational resources would be the same as those described for Alternative 1. 
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NAVIGATION 
 
Impacts to the navigation would be the same as those described for Alternative 1. 

 
INFRASTRUCTURE 

 
The impacts to infrastructure for Alternative 2 would be similar as those described for 
Alternative 1, however, with no action being taken to protect threatened homes and 
infrastructure via the utilization of sandbags, damages would occur continuously 
throughout the 30-year analysis period rather than in 5-year increments as in Alternative 
1. 

 
SOLID WASTE 

 
Direct Impacts: Without continued shoreline management involving the maintenance of 
the sandbag revetments, homes along the extreme eastern end of Ocean Isle Beach 
succumb to erosion and become abandoned or demolished, increased levels of solid 
waste would be expected. Further to the west, no direct impacts will be anticipated due 
to the short term protection provided by the Federal beach nourishment project. 

 
Indirect and Cumulative Impacts: The continued chronic erosion of the oceanfront 
shoreline along the east end of Ocean Isle Beach could result in the degradation and 
destruction of residential homes, public roads, and service utilities. Without providing 
many of the threatened structures with temporary protection via sandbag revetment 
maintenance, these areas may ultimately need to be demolished in the event of a severe 
storm or the continuation of chronic erosion. The debris generated from the demolition 
of these structures could indirectly and cumulatively impact the amount of solid waste 
deposited in local sanitary landfills. The volume of material to be placed in the landfill 
may have to be accounted for in the Brunswick County’s long range plan for solid waste 
facilities. 

 
Cumulative impacts could also result from the gradual deterioration of the sandbag 
revetments. Over time, any remaining material from degrading or buried sandbags could 
be uncovered and become flotsam which could pose a threat to marine animals. 

 
ECONOMICS 

 
Direct, Indirect, and Cumulative Impacts: Under Alternative 2, the Town of Ocean Isle 
Beach would continue to participate in periodic nourishment of the Federal storm damage 
reduction project. As noted above under Alternative 1, the total 30-year cost for continued 
nourishment of the Federal project would be $66.44 million. The existing cost- sharing 
agreement for the Federal project would continue under Alternative 2. In addition to the 
cost for beach nourishment, the economic impact of Alternative 2 would include the loss 
of 238 parcels, the costs of relocating or demolishing 45 threatened homes, the value of 
demolished homes, and damages to roads and utilities. Over the 30-year planning period 



155 155 

 

 
DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Protection Project EIS 
 

these potential damages total $29.55 million. Note the 30-year cost for Alternative 2 is less 
than Alternative 1 due to eliminating the use of sandbags. The addition of damages and 
erosion response cost to the cost of continued nourishment of the Federal storm damage 
reduction project results in a total economic impact under Alternative 2 of $95.99 million. 
As with Alternative 1, the cost for periodic nourishment of the Federal project is included 
in the 30-year costs for Alternative 2 due to the impact of some of the other alternatives on 
future nourishment cost. The equivalent average annual cost for Alternative 2 is 
$3,084,000. 
 
NOISE POLLUTION 

 
Impacts to noise pollution would be the same as those described for Alternative 1. 

 
C. IMPACTS ASSOCIATED WITH ALTERNATIVE 3: BEACH FILL ONLY  
   (INCLUDING FEDERAL PROJECT) 

 
Alternative 3 would address the east end erosion issue through the initial construction and 
subsequent periodic nourishment of a beach fill. The interval between nourishment 
events has been formulated to be 2 years. The main fill of this alternative would cover 
3,500 feet of shoreline along the eastern end of Ocean Isle Beach from baseline station  
-5+00 (500 feet east of the end of development) and station 30+00 (located just west of 
Lumberton Street). The fill would include 500-foot transition or taper section on each 
end of the fill to merge the fill with the existing Federal storm damage reduction project 
making the entire fill length 4,500 feet (Figure 4.4). The main fill of the Beach Fill Only 
alternative would overlap 2,000 feet of the Federal project between stations 10+00 and 
30+00. While the beach fill only alternative would cover more than the 2,500-foot length 
of shoreline in the project area, the added length is needed to provide a gradual merger of 
the beach fill with the Federal storm damage reduction project. 

 
ESTUARINE HABITATS 

 
Salt Marsh Communities 

 
Impacts to the salt marsh communities would be the same as those described for 
Alternative 1. 

 
Shellfish Habitat 

 
Impacts to shellfish habitat would be the same as those described above for Alternative 1. 
 
UPLAND HAMMOCK 

 
Impacts to upland hammock habitat would be the same as those described above 
for Alternative 1. 
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 INLET DUNES AND DRY BEACHES 
 
Direct Impacts: The placement of beach fill along the eastern portion of the island 
includes 0.6 acre of inlet dry beach habitat. Beach nourishment activity will initially 
disturb this portion of dry beach habitat due to the use of bulldozers, however 
ultimately it will serve to increase the amount of dry beach habitat. As described above 
previously General Environmental Consequences Related to Beach Fill, the invertebrates 
and infaunal communities present within the dry beach habitat will be directly impacted 
due to burial, however due to the resilient nature of these organisms and the use of 
compatible material, the impacts will be temporary. No direct impacts are anticipated to 
the inlet dry beach habitat on Holden Beach. In addition, no direct impacts are 
anticipated to be incurred within the inlet dune communities on either side of Shallotte 
Inlet. 

 
Indirect and Cumulative Impacts:  The simulated erosion and deposition patterns in the 
vicinity of Shallotte Inlet after the three year simulation for Alternative 3 are shown 
above in Figure 5.5. Along the Ocean Isle Beach sand spit between stations -5+00 and      
-20+00, the model indicated there would be no net change in volume above the -6-foot 
NAVD depth contour after three years which is a slight improvement compared to 
Alternatives 1 and 2. This improvement was due to the migration of sediment from the 
east end beach fill toward Shallotte Inlet.  However, the indicated volume change 
between stations -20+00 and -30+00 was -15,300 cubic yards/year which was over 4 
times the loss rate indicated for Alternatives 1 and 2. This increase in the rate of volume 
loss on the eastern end of the sand spit is counter intuitive given the eastward spreading 
of the beach fill material that resulted in the stabilization of the segment between stations -
5+00 and -20+00. One possible explanation would be changes in wave patterns on the east 
end of the spit due to waves refracting around the bulbous shape of the beach fill. The 
difference could also be associated with the inherent difference in the response of the 
model to various permutations associated with the addition of the relatively large beach 
fill. 

 
Volume changes on the west end of Holden Beach landward of the -6-foot NAVD depth 
contour averaged 12,000 cubic yards/year which was essentially the same as for 
Alternatives 1 and 2. 

 
GIS analysis utilizing the biotic community map suggests indirect impacts of 1-2 acres to 
the inlet dune communities and 5-10 acres of impact to the inlet dry beach communities. 
The majority of these impacts would occur on the Ocean Isle Beach side of the inlet. 
The loss of this habitat would result in a reduction of suitable habitat for the 
protected plant seabeach amaranth, shorebirds including piping plovers and red knots, and 
a reduction in area for humans to recreate. Furthermore, the survival rate of sea 
turtle hatchlings could be reduced due to possible inundation of encroaching mean high 
water marks through severe erosion. 
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As stated in Chapter 4, critical habitat designation for North Carolina wintering piping 
plover includes a portion of inlet dunes and dry beach habitat along Holden Beach within 
Unit NC-17 (USFWS, 2001). Research has shown that wintering plovers on the Atlantic 
coast prefer wide beaches in the vicinity of inlets (Nicholls and Baldassarre, 1990; 
Wilkinson and Spinks, 1994). While overwintering piping plovers have Critical Habitat 
within the Permit Area, piping plovers also nest in the region. Piping plovers nest in dry 
sand habitats above the high tide line along coastal beaches, spits, flats, barrier islands 
and other sparsely vegetated dune and beach environments, although they may utilize 
other shoreline habitats if these are not available. Should the erosion continue along the 
inlet beaches on Ocean Isle Beach and Holden Beach, the overwintering Critical Habitat 
and nesting habitat could be impacted. 
 

 INTERTIDAL FLATS AND SHOALS 
 
Direct Impacts: Direct impacts to the intertidal flats and shoals would be the same as 
those described for Alternative 1. 

 
Indirect Impacts: Indirect impacts to the intertidal flats and shoals would be the same as 
those described for Alternative 1. 

 
Cumulative Impacts: Dredging is scheduled to occur every two years from within the 
Shallotte Inlet borrow area. As such, the intertidal flats and shoals found within or in 
proximity to the borrow area would be excavated every other year for a period of 30 
years (the anticipated life span of the permit for this project). Although these flats and 
shoals tend to be ephemeral and have reformed following past dredging operations, the 2 
year interval associated with Alternative 3 may prevent this habitat from reforming 
completely. The recovery of infaunal species residing in intertidal flats and shoals after 
sediment removal may vary depending upon the opportunistic nature of the individual 
species (Street et al., 2005; Posey and Alphin, 2002). At dredge sites monitored off the 
coast of New Jersey, infaunal assemblages recovered within one year after disturbance, 
while biomass and taxonomic richness took 1.5 to 2.5 years to recover (Street et al., 
2005). With this in mind, the temporal spacing between the periodic maintenance events 
every two years within the proposed dredged areas may not allow for full recovery of 
benthos populations within the intertidal flats and shoals in Shallotte Inlet. This could 
indirectly impact foraging piping plovers which utilize the intertidal flats and shoals 
within Shallotte Inlet as part of their critical habitat Unit NC-17. The intertidal flats and 
shoals outside of Shallotte Inlet within the Permit Area, however, would not be 
anticipated to be impacted. 

  
 OCEANFRONT DRY BEACH AND DUNE HABITATS 
 
 Oceanfront Dune Communities 
 
Impacts to the oceanfront dune communities would be the same as those described for 
Alternative 1. 
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Oceanfront Dry Beach Communities 

 
Direct Impacts: During the initial construction, approximately 16.5 acres of dry beach 
would be directly impacted by the placement of beach fill material along the oceanfront 
dry beach between stations -5+00 and 90+00. Beach nourishment activity will initially 
disturb the dry beach habitat due to the use of bulldozers, however ultimately it will serve 
to increase the amount of dry beach habitat. As described above previously General 
Environmental Consequences Related to Beach Fill, the invertebrates and infaunal 
communities present within the dry beach habitat will be directly impacted due to burial, 
however due to the resilient nature of these organisms and the use of compatible material, 
the impacts will be temporary. 

 
On the Holden Beach side of Shallotte Inlet, the model indicated volume changes above the 
-6-foot NAVD depth contour along the western 4,000 feet of the island were virtually the 
same between Alternative 1 and the three terminal groin options evaluated. Also, volume 
changes out to the -18-foot NAVD depth contour in this same area of Holden Beach were of 
the same order of magnitude, ranging from -46,000 cubic yards/year for Alternative 1 to      
-62,000 cubic yards/year for Alternative 5. Given the inherent accuracy of the numerical 
model, the differences in the model results are deemed to be not significant. As such, no 
direct impacts to the oceanfront dry beach are anticipated to occur along Holden 
Beach as a result of Alternative 1. 

 
Indirect Impacts: The erosion rate along the eastern portion of Ocean Isle Beach between 
base stations 0+00 and 30+00 has averaged 90,000 cubic yards per year since the initial 
construction of the Federal project in 2001 (Table 5.5).  In addition, as depicted in Figure 
5.1, the average annual retreat of the scarp line between stations 0+00 and 20+00, 
measured between September 1999 and May 2010, was approximately 10 feet/year. 
 
Table 5.5. Volume change rates for post-nourishment periods on east end of Ocean Isle Beach 
(baseline stations 0+00 to 30+00) 

Post-nourishment 
time period 

Time Interval 
Years 

Measured rate of volume change 
cubic yards/year 

Dec 2001 to Mar 2006 4.2 -72,000 
Apr 2007 to May 2010 3.1 -88,000 
May 2010 to Aug 2013 3.2 -114,000 
Average 2001 to 2013 10.5 -91,000 

 
Based on the Delft3D model simulated performance of a beach fill on the east end of the 
island, implementation of Alternative 3 would increase the volume loss rate to 140,000 
cubic yards/year from within this area. For the area west of station 30+00 to station 
120+00, the Delft3D model simulation for Alternative 3 did not indicate any differences 
in the erosion rates compared to losses being experienced under existing conditions (i.e., 
Alternative 1). Erosion losses within this area have averaged 78,000 cubic yard/year.  
Thus, under Alternative 3, the expected volume loss between station -5+00 and station 
120+00 totals 218,000 cubic yards/year. The estimated volumetric loss rates between 
various stations on Ocean Isle Beach under Alternative 3 are summarized in Table 5.6. A 
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total of 0-5 acres of oceanfront dry beach would be anticipated to be lost to indirect 
impacts. 

 
 

Table 5.6. Annual rates of volume change along Ocean Isle Beach under Alternative 3. 
-5+00 to 
30+00 

30+00 to 
60+00 

60+00 to 
90+00 

90+00 to 
120+00 

Total 

-140,000 -59,000 -14,000 -5,000 -218,000 
 
Along with directly impacting infaunal communities, beach nourishment will indirectly 
impact the nesting and resting habitats for shorebirds including piping plovers and red 
knots provided by the dry beach due to the temporary removal of infaunal prey resources. 
As stated under the General Environmental Consequences Related to Beach Fill section 
above, the infaunal prey is expected to recover within approximately 1 year following 
construction. 

 
The implementation of Alternative 3 would also be expected to provide a positive indirect 
impact to the various biological resources utilizing the dry beach for habitat as a result of 
an increase in net habitat acreage along the eastern portion of Ocean Isle Beach. These 
biological resources include nesting sea turtles, shorebirds, and seabeach amaranth. 

 
According to Greene (2002), beach nourishment can benefit endangered and threatened 
sea turtles by restoring habitat along eroded beaches. Some studies have found no 
significant difference between nourished and non-nourished beaches in the number of 
eggs per nest, as well as, hatching and emergence success (Nelson et al., 1985; Ryder, 
1991). Other projects have shown increased numbers of nests, hatchlings, and survival 
rate of young turtles (Raymond, 1984). The widened beach along the fill area within the 
Federal project will benefit sea turtles since they require dry beaches to nest, preferring to 
nest along wide sloping beaches or near the base of the dunes. The composition, color, 
and grain size of the placed sand can affect the incubation time, sex, and hatching success 
of turtle hatchlings (Street et al., 2005). Physical characteristics such as density, 
compaction, shear resistance, moisture content, slope, sand color, grain size, grain shape, 
sand mineral content, and gas exchange may affect the success of sea turtle nests (Nelson 
and Dickerson 1988, Crain et al. 1995). The fill placed upon Ocean Isle Beach will 
conform to the State sediment criteria rules and therefore is not expected to impact the 
nesting success of sea turtles. 

 
The oceanfront dry beach communities on Holden Beach are not anticipated to be 
impacted through the implementation of Alternative 3. 

 
Cumulative Impacts: The 2 year nourishment interval associated with Alternative 3 may 
limit the recovery of infaunal resources between fill events on Ocean Isle Beach and 
thereby reduce the quality of habitat for foraging shorebirds. This periodic disturbance 
may also impact seabeach amaranth due to the possibility of repeated burial. These 
resources which utilize the oceanfront dry beach communities, however, are expected to 
persist within the Permit Area due to the abundance of available habitat. Therefore, 
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recreational opportunities and residential use would be expected to be maintained. 
 
WET BEACH COMMUNITIES 
Direct Impacts: The addition of beach fill to Ocean Isle beach between stations -5+00 
and 90+00 will cause direct impacts to approximately 16.0 acres of the wet beach 
community due to burial following the placement of fill material. As discussed for 
Alternatives 1 and 2, these impacts are considered to be short-term because studies have 
demonstrated rapid recovery times for organisms inhabiting wet beaches. As mentioned 
in Chapter 4, Nelson (1985) indicates that organisms that reside in intertidal zones are 
more adaptable to fluctuations in their environment, including high sediment transport 
and turbidity levels. Also, as previously stated, with the use of beach compatible material, 
infaunal organisms are expected to respond as studies have shown (Van Dolah et al., 
1994), and dredging would occur during winter months when infaunal community activity 
and its onshore populations are at their lowest. 

 
Indirect Impacts: Indirect impacts may affect shorebird, crustacean and fish attempting to 
forage along the stretch of shoreline receiving fill. The removal of the benthic infaunal 
species may indirectly impact these higher trophic species as the abundance of their prey 
is temporarily reduced. However, the magnitude of indirect impacts to these higher level 
trophic species may be mitigated by the large area of habitat available beyond the 
nourishment site. Furthermore, peak larval recruitment periods for most benthic species 
are avoided by Federal disposal typically occurring during winter months. 

 
Sandbags used to provide storm protection for threatened structures on Ocean Isle Beach 
may reduce the area of wet beach by providing a temporary barrier to the migration of 
wet beach along the active beach profile. These structures are generally installed when 
the mean high tide is within twenty feet of a home or other infrastructure, which is the 
State requirement prior to authorizing oceanfront sandbags. This leaves minimal or no 
wet beach habitat to support infaunal communities. Based on future shoreline change 
analysis, approximately 25-30 acres of wet beach are anticipated to be indirectly impacted 
within the Permit Area, specifically along the oceanfront shoreline along the east end 
of Ocean Isle Beach. 

 
Cumulative Impacts: As a result of the renourishment activity (based on the Town’s 
proposal and the Federal project) that would occur approximately every 2 years, negative 
cumulative effects could occur if the diversity and abundance of infaunal populations do 
not recover between nourishment events.  However, as researched, organisms that reside 
in intertidal zones are more adaptable to fluctuations in their environment, including high 
sediment transport and turbidity levels (Nelson, 1985). Other studies reported by Maurer 
(National Research Council, 1995) supported the burial capabilities of nearshore species, 
which found that these species were capable of burrowing through sand up to 40 cm. As 
stated above, Nelson (1985) has demonstrated the adaptability and rapid recovery for 
organisms residing in the marine intertidal zone. With this in mind, the temporal spacing 
between the periodic maintenance events every two years within the proposed dredged 
areas may not allow for full recovery of benthos populations within the wet beach 
community along Ocean Isle Beach.  The wet beach within the Permit Area outside of 
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the fill template including those found along Holden Beach, however, would not be 
anticipated to be impacted  

 
MARINE HABITATS 

 
Softbottom Communities 

 
Direct Impacts: The activities associated with Alternative 3 would result in direct impacts 
of softbottom community every two years within portions of the Permit Area. This 
includes the softbottom communities within the toe of fill and within the proposed borrow 
area in Shallotte Inlet. Excavating this borrow area will cause an immediate removal of 
infaunal and non-motile epibenthic organisms from the softbottom community. 
Construction of the beach would result in the direct deposition of material from mean 
low water (MLW) to the construction toe-of-fill, which covers softbottom habitat. These 
actions would result in a direct impact of 197.2 acres of softbottom habitat. It should 
be reiterated that the material placed over the softbottom habitat meets the State’s 
sediment criteria requirements and is therefore considered to be compatible to the native 
sediment. As previously described, the adaptive nature of the infaunal species will limit 
these impacts. Recolonization of these infaunal species typically tends to occur within the 
order of several months. Softbottom communities may also change with natural 
shifting patterns of sediment erosion or deposition (Street et al., 2005). 

 
Because the beaches along the western portion of Holden Beach will not receive disposal 
material, impacts to softbottom resources outside of natural shifting processes on or 
around Holden Beach in response to Alternative 3 are not anticipated. 

 
Indirect Impacts: Indirect impacts to the softbottom community would be expected to be 
the same as those described under Alternative 1, however, because the beach fill 
associated with Alternative 3 extends further east to station -5+00, these indirect effects 
would be slightly greater. In total, 0-1 acres of softbottom would be indirectly impacted. 

 
Cumulative Impacts: Although the infaunal resources within the footprint of the 
dredging activities within Shallotte Inlet would be expected to recover relatively rapidly, 
cumulative impacts to this resource within this location could be incurred due to the fact 
that nourishment is scheduled to occur every two years. This would result in impacts to 
the softbottom resources within the borrow area and toe of fill every two years. In 
general, however, the softbottom resources within the State of North Carolina are 
extensive and the impacts associated with this alternative are not expected to cause 
cumulative impacts to infaunal communities as a whole within the State. 
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WATER QUALITY 
 
Turbidity and TSS 

 
Direct and Indirect Impacts: The direct and indirect impacts of turbidity and TSS 
associated with Alternative 3 are anticipated to be the same as those described for 
Alternative 1, however the duration of an increased of localized turbidity during each 
dredge and fill event would be increased considering the slightly larger fill template. 

 
Cumulative Impacts: Renourishment of Ocean Isle Beach would be scheduled every two 
years under Alternative 3. Although this relatively high renourishment rate would result 
in periods of higher turbidity within the Permit Area on a more frequent basis, in general, 
the cumulative impacts as described under Alternative 1 would also apply for Alternative 
3. 

 
Nutrients 

 
Direct, Indirect, and Cumulative Impacts:  The implementation of Alternative 3 is not 
anticipated to impact the nutrients within the waters located in the Permit Area. 

 
WATER COLUMN 

 
Hydrodynamics and Salinity 

 
The impacts to hydrodynamics and salinity would be the same as those described for 
Alternative 1. 

 
Larval Transport 

 
The impacts to larval transport would be the same as those described for Alternative 1. 
 
PUBLIC SAFETY 

 
Direct and Indirect Impacts: During the construction of Alternative 3, public safety will be 
temporarily impacted due to the usage of heavy machinery within Shallotte Inlet and along 
the oceanfront shoreline Ocean Isle Beach. Pipelines would be extended from the Shallotte 
Inlet borrow area to the oceanfront shoreline on Ocean Isle Beach. However, construction 
will take place within the dredging window of November 16 through April 30 when 
public use of the inlet and the beach is at its lowest. The implementation of Alternative 3 
will help alleviate the erosional pressure along of the extreme eastern end of Ocean Isle 
Beach thereby providing protection to the 57 dwellings/dwelling units currently protected 
by sandbags. Without the threat of these homes being damaged or demolished, public 
safety should increase due to the avoidance of hazardous conditions caused by continued 
erosion including the exposure of utilities and leaking septic tanks. Furthermore, the 
sandbags, which could pose a public safety hazard due to their size and orientation to the 
eroded shoreline, would be removed and/or covered up and replaced with a nourished beach 
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tapered from a developed dune ridge. No public safety impacts would be incurred on 
Holden Beach 
 
Cumulative Impacts: Public safety within Shallotte Inlet and along the oceanfront 
shoreline Ocean Isle Beach will be temporarily impacted during each maintenance event 
scheduled approximately every two years.  These impacts will be similar in nature as 
those described above. No impacts are anticipated along Holden Beach. 

 
AESTHETIC RESOURCES 

 
Direct Impacts: During dredging and fill events, the presence of construction equipment 
would temporarily detract from the aesthetics of the waterways and beach of Ocean Isle 
Beach. 

 
Indirect and Cumulative Impacts: Renourishment would be implemented every two years 
under Alternative 3 resulting in diminished aesthetics as a result of the presence of 
construction equipment within the inlet and along the eastern portion of Ocean Isle Beach 
over the 30 year permit period. 

 
RECREATIONAL RESOURCES 

 
Direct Impacts: Direct impacts would be similar to those described for Alternative 1. 

 
Indirect and Cumulative Impacts: Immediately following construction, recreational 
resources and opportunities are expected to benefit from the increased size and extent of 
the nourished beaches along Ocean Isle Beach’s oceanfront shoreline. This will offer 
additional area for surf fishing, bird watching, and other recreational opportunities. 
However, recreational activities will be interrupted every two years during maintenance 
dredging and beach fill operations. 
 
NAVIGATION 

 
Impacts to navigation will be the same as those described for Alternative 1, however, the 
frequency of renourishment activities will be every two years resulting in increased 
temporary impacts to navigation as a result of the presence of dredge equipment in 
Shallotte Inlet. 

 
INFRASTRUCTURE 

 
Direct, Indirect, and Cumulative Impacts: Alternative 3 is expected to benefit the 
infrastructure on Ocean Isle Beach due to the long-term protection from erosion. The 
beach nourishment plan included in Alternative 3 would provide protection between 
stations -5+00 and 90+00 along the Ocean Isle Beach shoreline. 
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SOLID WASTE 
 
Direct, Indirect, and Cumulative Impacts: Both short and long-term benefits are expected 
from the reduction of solid waste with the implementation of Alternative 3. This 
alternative will provide protection along portions of Ocean Isle Beach thereby decreasing 
the risk of damage to residential buildings and infrastructure. This would alleviate the 
potential for increased solid waste through demolition of buildings and infrastructure. 

 
ECONOMICS 

 
Direct, Indirect, and Cumulative Impacts: The erosion damages that could occur to 
existing development on the east end of Ocean Isle Beach were assumed to be prevented 
under Alternative 3. The initial placement of 387,000 cubic yards east of baseline station 
30+00 to construct the beach for Alternative 3 was assumed to take place during a normal 
periodic nourishment cycle for the Federal project.  Based on this assumption and the 
actual experience of placing the additional fill on the east end during the 2006-07 
nourishment operation, the cost for the 387,000 cubic yards of material was based on the 
dredging cost (i.e., there would not be any additional mobilization and demobilization 
costs for the added fill). 

 
The economic costs for Alternative 3 would be associated with providing the necessary 
volume of material to offset these future erosion threats. The total 30-year cost for 
Alternative 3, which includes continued nourishment of the Federal storm damage 
reduction project, is estimated to be $115.50 million. 

 
The Federal government would presumably continue to provide its share of the cost for 
periodic nourishment of the Federal project but would not participate in the added 
nourishment costs associated with Alternative 3. Therefore, the Federal share of the 30- 
year project costs under Alternative 3 would be equal to that of Alternatives 1 and 2 or 
$43.19 million with the balance of $72.31 million the responsibility of non-Federal 
interests. 

 
The equivalent average annual cost for Alternative 3 is $3,866,000. 

 
NOISE POLLUTION 

 
Direct Impacts: Direct impacts to noise pollution would be the same as those described 
for Alternative 1. 

 
Cumulative Impacts: Although nourishment would be scheduled every two years under 
Alternative 3, no cumulative impacts would be anticipated due to the relative short 
duration of elevated noise during operations within the Permit Area. 
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D. IMPACTS ASSOCIATED WITH ALTERNATIVE 4: REALIGNMENT OF 
SHALLOTTE INLET OCEAN BAR CHANNEL (INCLUDING FEDERAL 
PROJECT) 

 
Alternative 4 is similar to Alternative 3 in that it involves the continuation of the Federal 
project along with a supplemental fill containing 387,000 cubic yards of material placed 
between baseline stations -5+00 and 30+00. This alternative, however, will serve to 
manage the erosion stress associated with Shallotte Inlet along the east end of Ocean Isle 
Beach by repositioning the ocean bar channel closer to Ocean Isle Beach along an 
alignment essentially perpendicular to the adjacent shorelines. Realigning the bar channel 
closer to the east end of Ocean Isle Beach should result in the reconfiguration of the ebb 
tide delta of Shallotte Inlet over time. The reconfiguration of the ebb tide delta would 
include onshore movement of sediment from the delta located off the west end of Holden 
Beach and rebuilding the delta off the east end of Ocean Isle. A larger delta on the west 
side of Shallotte Inlet would provide some wave sheltering for the east end of the island 
and could eliminate the formation of flood channels that run parallel and close to the 
shoreline on the east end of Ocean Isle Beach. In order to make the borrow area in 
Shallotte Inlet function as a true channel relocation, material removed during periodic 
nourishment operations should be derived from an area close to and generally parallel to 
the west boundary of the USACE borrow area. The dredge cut should also extend across 
the ocean bar and merge with the existing -17.9 foot NAVD depth contour in the ocean in 
order to encourage flow to move through the dredged cut rather than through the natural 
bar channel.  By continuing to use the same cut area for each nourishment operation the 
borrow area should eventually become the dominant flow path for waters exiting through 
the inlet. 

 
Periodic nourishment would also be the same as Alternative 3 (every two years) until 
such time the repeated removal of material from the west side of the borrow area captures 
the majority of flow through the inlet and the inlet ebb tide delta assumes a configuration 
comparable to that which existed between 1954 and 1965. Given the assumed reduction in 
periodic nourishment requirements as the inlet adjusts, the periodic nourishment interval 
could be increased to 4 years after year 14 and every 5 years after year 18. 

 
ESTUARINE HABITATS 

 
Salt Marsh Communities 

 
Impacts to the salt marsh communities would be the same as those described for 
Alternative 1. 

 
Shellfish Habitat 

 
Impacts to shellfish habitat would be the same as those described above for Alternative 1. 
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UPLAND HAMMOCK 
 
Impacts to upland hammock habitat would be the same as those described above for 
Alternative 1. 

 
INLET DUNES AND DRY BEACHES 

 
Direct Impacts: Direct impacts to the inlet dunes and dry beaches would be anticipated 
to be the same as described above for Alternative 3. 

 
Indirect and Cumulative Impacts: During the initial 4 years of the adjustment period, the 
shoreline along the sand spit on the east end of Ocean Isle Beach would be expected to 
respond in a manner similar to Alternative 3 (i.e., the area between stations -5+00 and 
20+00 would become relatively stable while the segment between -20+00 and -30+00 
would continue to erode). At the end of the 20-year adjustment period, losses off of the 
sand spit between stations -5+00 and -30+00 would be expected to cease as the build-up 
of material on the west side of Shallotte Inlet would protect the spit against severe wave 
attack resulting in accretion along the entire sand spit. 

 
The west end of Holden Beach would not be impacted by the changes associated with 
Alternative 4 and would be expected to continue to behave in a manner similar to that for 
Alternative 1 as well as Alternative 3. In general, Alternative 4 would gradually require 
less and less material from the Shallotte Inlet borrow area for periodic nourishment along 
Ocean Isle Beach. The reduction in the volume of material removed should gradually 
diminish the rate of sediment accumulation in Shallotte Inlet. 

 
Similar to Alternative 3, GIS analysis utilizing the biotic community map suggests 
indirect impacts of 1-2 acres to the inlet dune communities and 5-10 acres of impact to 
the inlet dry beach communities. The majority of these impacts being incurred on the 
Ocean Isle Beach side of the inlet. The loss of this habitat would result in a reduction of 
suitable habitat for the protected plant seabeach amaranth, shorebirds including piping 
plovers and red knots, and a reduction in area for humans to recreate. Furthermore, the 
survival rate of sea turtle hatchlings could be reduced due to possible inundation of 
encroaching mean high water marks through severe erosion. 

 
As stated in Chapter 4, critical habitat designation for North Carolina wintering piping 
plover includes a portion of inlet dunes and dry beach habitat along Holden Beach 
within Unit NC-17 (USFWS, 2001). Research has shown that wintering plovers on the 
Atlantic coast prefer wide beaches in the vicinity of inlets (Nicholls and Baldassarre, 
1990; Wilkinson and Spinks, 1994). While overwintering piping plovers have Critical 
Habitat within the Permit Area, piping plovers also nest in the region. Piping plovers nest 
in dry sand habitats above the high tide line along coastal beaches, spits, flats, barrier 
islands and other sparsely vegetated dune and beach environments, although they may 
utilize other shoreline habitats if these are not available. Should the erosion continue 
along the inlet beaches on Ocean Isle Beach and Holden Beach, the overwintering 
Critical Habitat and nesting habitat could be impacted. 
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INTERTIDAL FLATS AND SHOAL 
 
Direct Impacts: Direct impacts to the intertidal flats and shoals would be the same as those 
described for Alternative 1. 
 
Indirect Impacts: Indirect impacts to the intertidal flats and shoals would be the same as 
those described for Alternative 1. 

 
Cumulative Impacts: Dredging is scheduled to occur every two years from within the 
Shallotte Inlet borrow area until such time the repeated removal of material from the west 
side of the borrow area captures the majority of flow through the inlet and the inlet ebb 
tide delta assumes a configuration comparable to that which existed between 1954 and 
1965. Given the assumed reduction in periodic nourishment requirements, the periodic 
nourishment interval could be increased to 4 years after year 14 and every 5 years after 
year 18. 

 
Although these flats and shoals tend to be ephemeral and have reformed following past 
dredging operations, the initial 2 year interval associated with Alternative 4 may prevent 
this habitat from reforming completely. The recovery of infaunal species residing in 
intertidal flats and shoals after sediment removal may vary depending upon the 
opportunistic nature of the individual species (Street et al., 2005; Posey and Alphin, 
2002). At dredge sites monitored off the coast of New Jersey, infaunal assemblages 
recovered within one year after disturbance, while biomass and taxonomic richness took 
1.5 to 2.5 years to recover (Street et al., 2005). With this in mind, the temporal spacing 
between the periodic maintenance events every two years within the proposed dredged 
areas may not allow for full recovery of benthos populations within the intertidal flats and 
shoals in Shallotte Inlet. The intertidal flats and shoals outside of Shallotte Inlet within 
the Permit Area, however, would not be anticipated to be impacted. 

 
OCEANFRONT DRY BEACH AND DUNE HABITATS 

 
Oceanfront Dune Communities 

 
Impacts to the oceanfront dune communities would be the same as those described for 
Alternative 1. 

 
Oceanfront Dry Beach Communities 

 
Direct and Indirect Impacts:  The direct and indirect impacts for Alternative 4 would be 
the same as described above for Alternative 3. 

 
Cumulative Impacts:  The initial 2 year nourishment interval associated with Alternative 
4 may limit the recovery of infaunal resources between fill events on Ocean Isle Beach 
and thereby reduce the quality of habitat for foraging shorebirds. This periodic 
disturbance may also impact seabeach amaranth due to the possibility of repeated burial. 
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The nourishment interval, however, would be expected to increase from every two years 
to every 4 years after 14 years and every 5 years after 18 years. This increased interval 
would be expected to reduce any indirect impact to seabeach amaranth, nesting and 
foraging birds, and nesting sea turtles. 
 
WET BEACH COMMUNITIES 

 
Direct and Indirect Impacts: The direct and indirect impacts to the wet beach would be 
expected to be the same as those described for Alternative 3. 

 
Cumulative Impacts:  As a result of the renourishment activity approximately every 
two years for the first 14 years following initial construction, negative cumulative 
effects could occur if the diversity and abundance of infaunal populations do not recover 
between nourishment events. However, as researched, organisms that reside in intertidal 
zones are more adaptable to fluctuations in their environment, including high sediment 
transport and turbidity levels (Nelson, 1985). Other studies reported by Maurer (National 
Research Council, 1995) supported the burial capabilities of nearshore species, which 
found that these species were capable of burrowing through sand up to 40 cm. As stated 
above, Nelson (1985) has demonstrated the adaptability and rapid recovery for organisms 
residing in the marine intertidal zone. With this in mind, the temporal spacing between 
the periodic maintenance events every two years within the proposed dredged areas may 
not allow for full recovery of benthos populations within the wet beach community along 
Ocean Isle Beach.  Alternative 4 includes an extended nourishment interval of 4 years 
and 5 years beginning after year 14 and 18, respectively.  This increased interval may 
allow for a more successful recolonization of infaunal resources within the wet beach and 
therefore keep cumulative impacts to a minimum. 

 
The wet beach within the Permit Area outside of the fill template, including those found 
along Holden Beach, however, would not be anticipated to be adversely impacted. 

 
MARINE HABITATS 

 
Softbottom Communities 

 
Direct and Indirect Impacts: The direct and indirect impacts to the softbottom 
communities would be expected to be the same as those described for Alternative 3. 

 
Cumulative Impacts: Although the infaunal resources within the footprint of the 
dredging activities within Shallotte Inlet would be expected to recover relatively rapidly, 
cumulative impacts to this resource within this location could be incurred due to the fact 
that nourishment is scheduled to occur every two years for the first 14 years following 
initial construction of Alternative 4. This would result in impacts to the softbottom 
resources within the borrow area and toe of fill every two years. Alternative 4 includes 
an extended nourishment interval of 4 years and 5 years beginning after year 14 and 18, 
respectively. This increased interval may allow for a more successful recolonization of 
infaunal resources within the softbottom communities and therefore keep cumulative 
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impacts to a minimum.  In general, the softbottom resources within the State of North 
Carolina are extensive and the impacts associated with this alternative are not expected to 
result in adverse cumulative impacts to infaunal communities as a whole within the State. 
 
WATER QUALITY 

 
Turbidity and TSS 

 
Direct and Indirect Impacts: The direct and indirect impacts to water quality would be 
expected to be the same as those described for Alternative 3. 

 
Cumulative Impacts: Renourishment of Ocean Isle Beach would be scheduled every two 
years for the first 14 years of the project. Alternative 4 also includes an extended 
nourishment interval of 4 years and 5 years beginning after year 14 and 18, respectively. 
Although this relatively high renourishment rate would result in periods of higher 
turbidity within the Permit Area on a more frequent basis at first, the cumulative impacts 
as described under Alternative 1 would also apply for Alternative 4. 

 
Nutrients 

 
Direct, Indirect, and Cumulative Impacts:  The implementation of Alternative 4 is not 
anticipated to impact the nutrients within the waters located in the Permit Area. 

 
WATER COLUMN 

 
The impacts to hydrodynamics and salinity would be the same as those described for 
Alternative 1. 

 
Larval Transport 

 
The impacts to larval transport would be the same as those described for Alternative 1. 

 
PUBLIC SAFETY 

 
Direct and Indirect Impacts: The direct and indirect impacts to public safety would be 
expected to be the same as those described for Alternative 3. 

 
Cumulative Impacts: Public safety within Shallotte Inlet and along the oceanfront 
shoreline of Ocean Isle Beach will be temporarily impacted as described above under 
Alternative 3 during each maintenance event scheduled approximately every two years 
for the first 14 years following initiation of Alternative 4. The impacts to public safety 
would then be reduced as Alternative 4 includes an extended nourishment interval of 4 
years and 5 years beginning after year 14 and 18, respectively. 
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AESTHETIC RESOURCES 

 
Direct Impacts: The direct and indirect impacts to the aesthetic resources would be 
expected to be the same as those described for Alternative 3. 
 
Indirect and Cumulative Impacts: Renourishment would be implemented every two years 
for the first 14 years following the implementation of Alternative 4 resulting in 
diminished aesthetics as a result of the presence of construction equipment within the 
inlet and along the eastern portion of Ocean Isle Beach. The impacts to aesthetic resources 
would then be reduced as Alternative 4 includes an extended nourishment interval of 4 
years and 5 years beginning after year 14 and 18, respectively. 

 
RECREATIONAL RESOURCES 

 
Direct Impacts: Direct impacts would be similar to those described for Alternative 1. 

 
Indirect and Cumulative Impacts: Immediately following construction, recreational 
resources and opportunities are expected to benefit from the increased size and extent of 
the nourished beaches along Ocean Isle Beach’s oceanfront shoreline. This will offer 
additional area for surf fishing, bird watching, and other recreational opportunities. 
However, recreational activities will be interrupted every two years during maintenance 
dredging and beach fill operations over the first 14 years of the project. The impacts to 
recreational resources would then be reduced as Alternative 4 includes an extended 
nourishment interval of 4 years and 5 years beginning after year 14 and 18, respectively. 

 
NAVIGATION 

 
Impacts to navigation will be the same as those described for Alternative 1, however, the 
frequency of renourishment activities will be every two years for the first 14 years of the 
project resulting in increased temporary impacts to navigation as a result of the presence 
of dredge equipment in Shallotte Inlet.  The impacts to navigation would then be reduced 
as Alternative 4 includes an extended nourishment interval of 4 years and 5 years 
beginning after year 14 and 18, respectively. 

 
INFRASTRUCTURE 

 
Direct, Indirect, and Cumulative Impacts: Alternative 4 is expected to benefit the 
infrastructure on Ocean Isle Beach due to the long-term protection from erosion. The 
beach nourishment plan included in Alternative 4 would provide protection between 
stations -5+00 and 90+00 along the Ocean Isle Beach shoreline. 

 
SOLID WASTE 

 
Direct, Indirect, and Cumulative Impacts: Both short and long-term benefits are expected 
from the reduction of solid waste with the implementation of Alternative 4. This 
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alternative will provide protection along portions of Ocean Isle Beach thereby decreasing 
the risk of damage to residential buildings and infrastructure. This would alleviate the 
potential of increased amount of solid waste through demolition. 
 
ECONOMICS 

 
Direct, Indirect, and Cumulative Impacts:  Over the 30-year planning period, providing 
the periodic nourishment volumes along Ocean Isle Beach would cost a total of $62.13 
million. The Federal government should continue to participate in periodic nourishment 
of the Federal storm damage reduction project, contributing 65% of the cost for providing 
beach fill within the authorized Federal limits. Based on the projected decrease in periodic 
nourishment of the Federal storm damage reduction project, the F ederal share over 
the 30-year planning period would be $30.98 (49.9%) million leaving a balance of 
$31.14 (50.1%) million for non-Federal interests. 

 
The equivalent average annual cost for Alternative 4 is $2,500,000. 

 
NOISE POLLUTION 

 
Direct Impacts: Direct impacts to noise pollution would be the same as those described 
for Alternative 1. 

 
Cumulative Impacts: Nourishment would be scheduled every two years for the first 14 
years under Alternative 4. The impacts to noise pollution would then be reduced as 
Alternative 4 includes an extended nourishment interval of 4 years and 5 years beginning 
after year 14 and 18, respectively. Therefore, no adverse cumulative impacts would be 
anticipated due to the relative short duration of elevated noise during operations within 
the Permit Area. 

 
E. IMPACTS ASSOCIATED WITH ALTERNATIVE 5: TERMINAL GROIN 
WITH BEACH FILL (WITH FEDERAL PROJECT)/ APPLICANT’S 
PREFERRED ALTERNATIVE 

 
Alternative 5 includes the continuation of the Federal project along with the construction 
of a 750 foot terminal groin located approximately 150 feet east of station 0+00. A 3,214 
foot section of shoreline located directly west of the terminal groin would be pre-filled 
with 264,000 cubic yards of material obtained from Shallotte Inlet, the same source of 
material as the Federal project. Due to the presence of the terminal groin, the 
nourishment interval for the Federal project would be increased from every 3 years to 
every 5 years. 

 
The structural design of the groin would include a 300 foot shore anchorage section 
extending landward from the 2007 mean high water shoreline. The shore anchorage 
section would be constructed with sheet pile, either steel or concrete. The sheet piles 
would have a top elevation of +4.9 feet NAVD for a distance of about 130 feet between 
the landward end of the rubblemound section and the existing dune. The top elevation of 
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the shore anchorage section would be reduced to +4.5 feet NAVD for the remaining 170 
feet. The top of the landward most portion of the shore anchorage section would be 
below the existing ground level. The rubblemound portion of the terminal groins would 
be constructed with loosely placed armor stone on top of a foundation mat or mattress 
and would have a crest elevation of +4.9 feet NAVD. The loose nature of the armor 
stone was designed to facilitate the movement of littoral material through the structure 
while the relative low crest elevation of +4.9 feet NAVD would allow some sediment to 
pass over the structure during periods of high tide. 

 
Studies on the Impacts of Terminal Groins 
In early 2010, the State of North Carolina explored the environmental impacts attributable 
to a series of five (5) terminal groins located in Florida and North Carolina within the 
“North Carolina Terminal Groin Study Final Report” (NCDENR, 2010). This report 
included a review of past scientific, engineering, and publicly accessible information and 
data related to the five terminal groin projects. 

 
One of the terminal groin structures used in the NCDENR report was the Oregon Inlet 
terminal groin located in the Outer Banks of North Carolina. In 1989, the North Carolina 
Department of Transportation (NCDOT) initiated construction of the Oregon Inlet 
terminal groin on Pea Island National Wildlife Refuge to provide protection from erosion 
occurring along the base of the Herbert C. Bonner Bridge, which spans the Oregon Inlet 
and connects Hatteras Island to the mainland, in Dare County. Permit stipulations 
required regular monitoring of the physical conditions along a six mile segment of 
the shoreline extending from the terminal groin on Pea Island southward. This post- 
monitoring was initiated after the completion of the terminal groin in 1991. Results have 
shown that the project erosion rates are much less than historical rates in the first four 
miles of the study area (Overton, 2011). In the fifth and sixth mile, the rates are closer to 
the historical rate; however, they do not exceed the historical rate at any point. Overton 
(2011) points out that the construction of the groin has not appeared to have caused 
adverse impacts to the shoreline over the six-mile study area.  It should be noted that 
since 1991, a total of 4.3 million cubic yards of material from the dredging of 
Oregon Inlet by the USACE has been placed on the beach or immediately offshore of 
the beach within the study area. It is presumed that the placement of the terminal groin 
has helped to retain a net of 18.7 million cubic yards of material on the beaches within 
the study area (Overton, pers. comm.). 

 
In summary, as stated above, the construction of the groin does not appear to have caused 
an adverse impact on the shoreline over the six-mile study area (Overton, pers. comm.; 
Overton, 2011). Also, it may be presumed that some of this decrease of erosion can be 
attributed to the placement of the material along this stretch of shoreline. 

 
One of the conclusions drawn from the report stated “the environmental effects of a 
terminal groin structure alone could not be assessed for the sites without considering the 
associated beach nourishment activity” (NCDENR, 2010). Because Alternative 5 
includes a beach nourishment project to be constructed in conjunction of the terminal 
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groin, the findings from the study would generally apply and are therefore included below 
where applicable. 
 
ESTUARINE HABITATS 

 
Salt Marsh Communities 

 
Impacts to the salt marsh communities would be the same as those described for 
Alternative 1. 

 
Shellfish Habitat 

 
Impacts to shellfish habitat for Alternative 2 are the same as those discussed above for 
Alternative 1. 

 
UPLAND HAMMOCK 

 
Impacts to upland hammock habitat for Alternative 2 are the same as those discussed 
above for Alternative 1. 

 
INLET DUNES AND DRY BEACHES 

 
Direct Impacts: The construction of the terminal groin will not directly impact inlet 
dunes or inlet dry beach communities as the footprint of the structure lies primarily 
within the oceanfront dry beach communities. Therefore, direct impacts to the inlet 
habitats are expected to be the same as those described for Alternative 1. 

 
Indirect and Cumulative Impacts: The design of the proposed terminal groin is intended 
to allow for the continuation of sediment transport from the west of the structure on Ocean 
Isle Beach into Shallotte Inlet.  For the segment of the shoreline just east of the terminal 
groin (baseline stations -5+00 to -20+00), volume losses landward of the -6-foot NAVD 
contour during the first year of the simulation totaled 53,000 cubic yards while the 
segment between stations -20+00 and -30+00 gained 17,000 cubic yards. Over the next 
two years of the simulation, volume losses in the segment between stations -5+00 and  
-20+00 ceased with the total volume loss from this segment after three years equal to 
50,000 cubic yards, i.e., a gain of 3,000 cubic yards following the first year of the 
simulation. This minor amount of accretion over the last two years of the simulation is 
not considered to be significant but the apparent stabilization of the segment after the 
first year is significant in that the segment appeared to reach a quasi-state of 
equilibrium in response to changes imposed by the structure. 

 
For the segment between stations -20+00 and -30+00, the initial accretion of 17,000 cubic 
yards was followed by a gradual volume loss over the last two years with the end result 
being an accumulation of 7,000 cubic yards at the end of the three-year simulation. 
Given the accuracy of the model, this relative minor build-up of material within this 
segment is probably not significant. 
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The volume changes within the inlet area along Ocean Isle Beach described above 
represents the flux of material moving around the terminal groin structure. Similar to the 
other alternatives, GIS analysis utilizing the biotic community map suggests indirect 
impacts of 1-2 acres to the inlet dune communities and 5-10 acres of impact to the 
inlet dry beach communities. The majority of these impacts being incurred on the Ocean 
Isle Beach side of the inlet. The loss of this habitat would result in a reduction of suitable 
habitat for the protected plant seabeach amaranth, shorebirds including piping plovers and 
red knots, and a reduction in area for humans to recreate. Furthermore, the survival rate of 
sea turtle hatchlings could be reduced due to possible inundation of encroaching 
mean high water marks through severe erosion. 

 
As stated in Chapter 4, critical habitat designation for North Carolina wintering piping 
plover includes a portion of inlet dunes and dry beach habitat along Holden Beach 
within Unit NC-17 (USFWS, 2001). Research has shown that wintering plovers on the 
Atlantic coast prefer wide beaches in the vicinity of inlets (Nicholls and Baldassarre, 
1990; Wilkinson and Spinks, 1994). While overwintering piping plovers have Critical 
Habitat within the Permit Area, piping plovers also nest in the region. Piping plovers nest 
in dry sand habitats above the high tide line along coastal beaches, spits, flats, barrier 
islands and other sparsely vegetated dune and beach environments, although they may 
utilize other shoreline habitats if these are not available. Should the erosion continue 
along the inlet beaches on Ocean Isle Beach and Holden Beach, the overwintering 
Critical Habitat and nesting habitat could be impacted.  

 
INTERTIDAL FLATS AND SHOALS 

 
Direct Impacts: Direct impacts to the intertidal flats and shoals would be the same as 
those described for Alternative 1. 

 
Indirect Impacts: As described under Alternative 1, shorebirds, colonial waterbirds and 
other waterbirds will utilize intertidal flats and shoals in the inlet complex for foraging 
while traveling to their wintering and nesting grounds.  Breeding and non-breeding 
federally threatened species and species of special concern also utilize intertidal shoals. 
Macroinfaunal species found within intertidal flats and shoals are a primary food source 
for several migratory and resident shorebirds, waterbirds, as well as for many 
commercially and recreationally important fish. A portion of the piping plover critical 
habitat unit NC-17 is located within Shallotte Inlet due to the presence of intertidal flats 
and shoals. These unconsolidated communities lack structure and are dynamic in nature. 
Therefore, the unconsolidated and unvegetated communities that occur in the inlet 
complex are expected to continue to be naturally redistributed. Periodic storms and 
seasonal climatic changes influence abundance and diversity of micro- and macrofauna, 
tending toward a more opportunistic community (Mallin et al., 2000; Street et al., 2005). 

 
The construction of a terminal groin along the eastern end of Ocean Isle Beach may 
influence the transport of material into the inlet and thereby impact the intertidal flats and 
shoals communities. A study of the 20-year old terminal groin in Oregon Inlet may be 
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utilized to obtain a general understanding of impacts of an existing terminal groin in 
North Carolina to the intertidal shoals and flats on both sides of the inlet. As described by 
USFWS (2008), habitat behind the terminal groin on Pea Island has undergone vegetative 
succession over the 20 years due to infill of vernal ponds by wind and water-borne sand, 
and it is no longer as suitable for piping plover nesting and foraging habitat as when the 
terminal groin structure was initially constructed. Since the piping plover is primarily a 
winter resident at Oregon Inlet, which is also designated as Critical Habitat for piping 
plover, the major threat to this species in the vicinity of the inlet is the degradation of 
intertidal foraging habitat (USACE 2001). Should the erosion continue along the inlet 
beaches on Ocean Isle Beach and Holden Beach, the overwintering critical habitat and 
nesting habitat for piping plovers and critical habitat for nesting sea turtles could be 
impacted. 

 
The construction of the terminal groin in 1990 resulted in the formation of about a 50-
acre fillet; thus, restoring and stabilizing the tip of Pea Island (Dennis and Miller 1993). 
This provided valuable habitat for piping plovers and other shorebirds for a number of 
years following construction by the creation of a vernal pool or mud flat. However, in 
more recent years the presence of the terminal groin, as well as other actions such as 
dredging and nourishment, has modified habitat important to piping plovers by 
eliminating intertidal flats on the downshore side of the structure and allowing 
encroachment of vegetation in the stabilized areas. This stabilization of the northern tip of 
Pea Island has changed some of the inlet dynamics as it pertains to piping plover habitats. 
Despite this, piping plovers have continued to utilize portions of Pea Island for foraging 
activity. Although only limited data of piping plover populations are available prior to the 
construction of the terminal groin, post-construction data demonstrates the variability in 
annual counts. Populations of piping plovers on Pea Island have been relatively low prior 
to 2000. Between the years 1986 and 1999, an average of two (2) piping plovers was 
observed per year with an annual range of 0 to 8 individuals.  
 
During this time, the intertidal pool created soon after the construction of the groin had 
been modified and became vegetated. Although this specific area adjacent to the groin 
was no longer valuable habitat for piping plovers, other intertidal flats and shoals located 
along Pea Island in proximity to the inlet provided this important habitat in subsequent 
years. In 2000, observations on Pea Island increased sharply to 87 individuals. Annual 
observations subsequently declined to 33 individuals in 2001, and increased sharply to 
307 individuals in 2002. Pea Island observations declined steadily over the next three 
years, reaching a low of four (4) individuals in 2005. Annual observations increased to 19 
individuals in 2006; however, no piping plovers were reported from Pea Island during 
2007 or 2008. In 2009, a total of 40 individuals were observed on Pea Island (NCDENR, 
2010). 

 
As stated for other project alternatives, several different fish species utilize the intertidal 
flats and shoals, as well as the water column within these habitats As reported by USACE 
(1984), species that utilize these habitats include red drum, spotted seatrout, bluefish, 
Atlantic croaker, kingfish, and mullet. These species forage upon many of the benthic 
organisms that reside within intertidal flats and shoals. However, due to the winter 
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time construction, many of these species will be located offshore and will not be utilizing 
the nearshore or inlet intertidal flats and shoal areas.  For any fish species that may 
be present, it is expected, like the bird resources, that their mobility will provide them the 
opportunity to temporarily relocate to adjacent habitats while dredging occurs. 

 
Delft3D modeling suggests that a total of 1-2 acres of intertidal within the Permit Area 
could be indirectly impacted most likely attributable to changes in sediment transport 
through the inlet.  The USACE monitored the borrow area following the 2006-07 and 
2010 nourishment operations and indicated that the borrow area collects an average of 
16,500 cubic yards/month or slightly less than 200,000 cubic yards/year (Dennis, 2012 
personal communication). Provided that this infilling rate continues, the existing condition 
of abundant intertidal flats and shoal would be expected to persist and provide habitat 
value for foraging birds and fish within approximately 2 years. 

 
Cumulative Impacts: Intertidal flats and shoals are an extensive habitat type within the 
coastal waterways in southeast North Carolina. Although the extent of intertidal flats and 
shoals within the Permit Area may be altered during dredging events within the inlet and 
during a response to storm events, the habitat is expected to persist because the delivery of 
material through the inlet and down the Shallotte River is expected to continue. The 
dredging interval within Shallotte Inlet for Alternative 5 is every five years which, due to 
the rate of infilling, would allow for the reformation of the intertidal flats and shoals 
within the borrow area and the recovery of infaunal resources between dredging events. 
As such, the infaunal species which utilize them are not anticipated to be adversely 
impacted due to their resilient nature. Therefore, based on the above, the cumulative 
effects of the project are expected to be minor with respect to intertidal flats and shoals.  

 
OCEANFRONT DRY BEACH AND DUNE HABITATS 

 
Oceanfront Dune Communities 

 
Impacts to the oceanfront dune communities would be the same as those described for 
Alternative 1. The construction of the dune would not include any indirect impacts to 
oceanfront dune communities. 

 
Oceanfront Dry Beach Communities 

 
Direct Impacts: The placement of beach quality material between the terminal groin 
located just east of station 0+00 and station 90+00 along with the construction of the 
terminal groin would directly impact approximately 16.0 acres of the dry beach habitat. 
This includes the direct impacts incurred during the initial fill placement, the footprint of 
the terminal groin, and the staging area for materials on the dry beach. 

 
The design of the terminal groin structure, as proposed, would have an overall length of 
750 linear feet which includes a 300-foot shore anchorage section extending landward from 
the 2007 mean high water shoreline and a rubblemound section extending seaward of the 
2007 mean high water shoreline.  
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The stone used for the construction of the rubble mound portion of the groin would be 
transported by trucks from an offloading facility on Shallotte Boulevard and E. 4th Street 
to a temporary stone storage area encompassing a total of 0.29 acre located on the beach 
at the end of E. 4th Street. The rubblemound portion of the terminal groin would be 
constructed from a temporary trestle or pier installed parallel to the alignment of the 
terminal groin. The trestle would be removed upon completion of the rubblemound 
portion of the terminal groin. A minimal amount of excavation will be required for the 
landward 100 feet to 150 feet of the rubblemound portion of the structure in order to place 
the foundation stone or mattress at an elevation of -5.0 feet NAVD. From that point 
seaward, the foundation stone/mattress would be placed on grade. The sheet pile for the 
landward portion of the terminal groin would be transported directly to the site by truck 
from where it would be offloaded and driven into place with typical pile driving 
equipment. A 50-foot wide construction corridor would be established adjacent to the 
shore anchorage section. The cross-section of the groin is depicted on Figure 5.7. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 5.7. Typical rubblemound cross-section for terminal groin 
 
These impacts will include the mortality of crustaceans including ghost crabs, however, 
these communities are expected to recover within the order of months to more than one 
year (National Research Council, 1995; Carter and Floyd, 2008). This reduction in dry 
beach habitat will initially reduce available nesting habitat for seabeach amaranth, sea 
turtles, and shorebirds, including the piping plover, however the increased beach width as 
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a result of nourishment will compensate for this loss. This area will become beneficial 
habitat for resting colonial waterbirds. 

 
The composition, color, and grain size of the beach sand can affect the incubation time, 
sex, and hatching success of turtle hatchlings (Street et al., 2005). Physical 
characteristics such as density, compaction, shear resistance, moisture content, slope, 
sand color, grain size, grain shape, sand mineral content, and gas exchange may affect the 
success of sea turtle nests (Nelson and Dickerson 1988, Crain et al. 1995).  The fill 
placed on Ocean Isle Beach will conform to the State sediment criteria rules and 
therefore is not expected to impact the nesting success of sea turtles. Because the 
material utilized for the nourishment will meet State Sediment Criteria, the widened dry 
beach is expected to increase sea turtles nesting habitat with native compatible material. 
The proposed project would be conducted during the winter and, therefore, would not 
impact potential nesting activity by birds or turtles. 

 
Indirect Impacts: The installation of the terminal groin will provide for an expanded and 
more stable dry beach, particularly updrift of the structure. Delft3D model results suggest 
that the 750-foot terminal groin would essentially stabilize the shoreline west to station 
20+00 and significantly reduce volume losses west to station 30+00. The model results of 
volume changes above the -6-foot NAVD depth contour measured between the terminal 
groins and station 30+00 indicate the volumetric erosion rates and hence the periodic 
nourishment requirements in this area would be reduced by 95.8%. Since the groin is 
designed to allow for sediment transport towards the inlet, any potential adverse effects to 
downdrift dry beach would be minimized. The increase in stable dry beach as a result of 
the implementation of Alternative 5 is considered more advantageous to resident and 
migratory fauna. A total of 0-5 acres of oceanfront dry beach would be anticipated to be 
indirectly impacted. 

 
Cumulative Impacts: Habitat for resting colonial waterbirds, nesting shorebirds, and 
nesting sea turtles along the ocean dry beach is expected to be maintained at the location 
of the terminal groin fillet and along the fill area included within the Federal project with 
renourishment occurring every 5 years. This relatively long interval will allow for the 
recovery of infaunal organisms to recovery in between nourishment events and, thus, will 
also increase the habitat value of the dry beach to foraging shorebirds. Maintaining the 
dry beach along the oceanfront shoreline will help ensure that bird and sea turtle habitat 
will persist. Maintenance of the rubblemound portion of the terminal groin should be 
infrequent and would depend on the frequency of severe storms that exceed the design 
conditions for the armor stone. If maintenance of the rubblemound portion is needed, this 
could involve simply recovering and replacing displaced stones or adding stone to 
replace the ones that could not be located on site.  Any maintenance work within the dry 
beach area would be restricted within a designated corridor in order to limit any potential 
impacts.  
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WET BEACH COMMUNITIES 
 
Direct Impacts: The addition of beach fill to Ocean Isle beach between the terminal 
groin located approximately 150 feet east of stations 0+00 and 90+00 will cause 
direct impacts to approximately 15.6 acres of the wet beach community due to burial 
following the placement of fill material as well as the construction of the terminal groin. 
As discussed for Alternatives 1 and 2, these impacts are considered to be short-term 
because studies have demonstrated rapid recovery times for organisms inhabiting wet 
beaches. As mentioned in Chapter 4, Nelson (1985) indicates that organisms that reside in 
intertidal zones are more adaptable to fluctuations in their environment, including high 
sediment transport and turbidity levels. Also, as previously stated, with the use of beach 
compatible material, infaunal organisms are expected to respond as studies have shown 
(Van Dolah et al., 1994), and dredging would occur during winter months when infaunal 
community activity and its onshore populations are at their lowest. The portion of the 
wet beach directly impacted by the footprint of the terminal groin will not be expected to 
recover due to the fact that it is being replaced by the permanent structure. 

 
Indirect Impacts: The indirect impacts to the wet beach habitat within the Permit Area 
may affect shorebird, crustacean and fish foraging, and recreational fishing through a 
temporary reduction in prey during and immediately after construction. A total of 25-30 
acres of wet beach may be impacted as a result of implementing Alternative 5. These 
impacts should be reduced due to the fact that the material utilized for beach fill will be 
compatible with native material, thereby reducing the recovery period for infaunal 
communities. Furthermore, peak larval recruitment periods for most benthic species may 
be avoided as the implementation of Alternative 5 would occur during winter months. 

 
The ability for infaunal species to repopulate disturbed wet beach habitat in proximity to 
a shoreline stabilizing structure was demonstrated following the construction of the rubble 
weir jetty structures at Murrells Inlet, South Carolina. These structures, constructed in 
the late 1970’s, includes a 3,347 foot jetty extending into the ocean with a 1,348 foot 
weir section on the north side of the inlet. The southern jetty includes a 3,317 foot 
structure that extends into the ocean without a weir system. The macrobenthic 
communities of the intertidal and nearshore subtidal environments were sampled during 
the construction of the jetties and once again five (5) years later. Comparison of species 
abundance between years and among localities (updrift and downdrift) suggested no 
widespread impacts to macrobenthic fauna were attributable to jetty construction (Knott 
et al, 1984). Although the physical conditions are not identical at both locations, a 
similar response would be anticipated following the construction of the terminal groin on 
Ocean Isle Beach. 

 
Cumulative Impacts: As a result of the construction of the terminal groin associated 
with Alternative 5, the fillet and the beach included within the Federal Storm 
Damage Reduction Project would be renourished approximately every five (5) years, 
cumulative effects are not expected as the diversity and abundance of infaunal 
populations would be expected to recover between nourishment events. It has been 
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shown that organisms that reside in intertidal zones are more adaptable to fluctuations in 
their environment, including high sediment transport and turbidity levels (Nelson, 1985).  
 
Other studies reported by Maurer (National Research Council, 1995) supported the burial 
capabilities of nearshore species, which found that these species were capable of 
burrowing through sand up to 40 cm. As stated above, Nelson (1985) has demonstrated 
the adaptability and rapid recovery for organisms residing in the marine intertidal zone. 
With this in mind, the temporal spacing between the periodic maintenance events every 
five (5) years within the proposed dredged areas may allow for full recovery of benthos 
populations within the wet beach community along Ocean Isle Beach. 

 
MARINE HABITATS 

 
Softbottom Communities 

 
Direct Impacts: The activities associated with Alternative 5 would result in direct impacts 
to softbottom community every five ( 5 )  years within portions of the Permit Area. 
This includes the softbottom communities within mean low water (MLW) to the 
construction toe-of-fill, the softbottom communities within the proposed borrow area in 
Shallotte Inlet, and the softbottom communities within the footprint of the terminal groin.  

 
Excavating the borrow area and construction of the terminal groin will cause an 
immediate removal of infaunal and non-motile epibenthic organisms from the softbottom 
community. A total of 105 acres of softbottom resources could be impacted within the 
borrow area while nearly 76 acres will be directly impacted as a result of placement of 
beach fill and the construction of the terminal groin resulting in the smothering and burial 
of these organisms within the area. Construction of the beach would result in the direct 
deposition of material from the dune or berm crest seaward to the construction toe-of-fill. 
Over time, the slope of the fill would adjust and equilibrate seaward. Softbottom habitats 
located seaward of the toe of fill would be indirectly impacted during the equilibration 
timeframe, which is expected to occur over a 12 month timeframe. Burial depths during 
the adjustment period will vary. Studies reported by Maurer (National Research Council, 
1995) supported the burial capabilities of nearshore species, which found that these 
species were capable of burrowing through sand up to 40 cm. As described above, the 
resilient nature of the infaunal species will limit the indirect impacts. Recolonization of 
these infaunal species typically tends to occur within the order of several months. 
Softbottom communities may also change with natural shifting patterns of sediment 
erosion or deposition (Deaton et al., 2010). In total, these actions would result in a direct 
impact of 180.7 acres of softbottom habitat. It should be reiterated that the material placed 
over the softbottom habitat meets the State’s sediment criteria requirements and is 
therefore considered to be compatible to the native sediment. As previously described, the 
adaptive nature of the infaunal species will limit these impacts. Recolonization of these 
infaunal species typically tends to occur within the order of several months. Softbottom 
communities may also change with natural shifting patterns of sediment erosion or 
deposition (Deaton et al., 2010). 
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Because the beaches along the western portion of Holden Beach will not receive disposal 
material, impacts to softbottom resources outside of natural shifting processes on or around 
Holden Beach in response to Alternative 3 are not anticipated. 
 
Indirect Impacts: Negative indirect impacts include the temporary loss of prey for 
foraging fish and invertebrates from the dredged softbottom habitat within Shallotte Inlet 
and along the toe of fill in areas receiving beach fill. These negative impacts will only be 
incurred following each construction event which is scheduled every five (5) years. This 
renourishment interval may allow for these impacts to be minimized. As such, the 
softbottom habitat within the Permit Area located outside the footprint of the terminal 
groin, the infaunal communities are expected to fully recover. A portion of this 
softbottom habitat will be permanently removed from within the footprint of the terminal 
groin. It is not known what the full effects of this will be on the fishery resources, but with 
the softbottom habitat surrounding the footprint of the structure, the fishery resource 
should be capable of locating food sources and foraging within nearby areas. 

 
Fish, including mullet that migrate over the nearshore softbottom habitat, may be impeded 
when they encounter the terminal groin. A study conducted at Murrells Inlet examined the 
movement of fish and plankton across the weir jetty. These data suggest that few 
swimming organisms were moving across the weir during the study. Further evidence 
supporting the hypothesis that the weir is a barrier to free swimming species came from 
visual observations. Visible schools of fishes, including menhaden and mullet, were never 
observed passing directly over the weir. The crest of the weir remained visible at the 
surface of the water even at high tide, and its location was marked by the turbulence from 
passing waves (USACE, 1981). Although the jetty at Murrells Inlet acted as a barrier for 
fish migration, the physical nature of the proposed structure at Ocean Isle Beach is much 
shorter in length. Furthermore, the accretion fillet is expected to fill seaward and would 
therefore reduce the exposed area of the groin. In this regard, fish and other motile 
organisms will be expected to pass by the structure as they migrate along the shoreline 
which is expected to extend near the seaward terminus of the groin. Therefore, migrating 
fish may be only minimally impacted by the presence of the terminal groin. 

 
Cumulative Impacts: After the initial construction of the terminal groin, 
cumulative impacts are expected to be the same as Alternatives 1 and 3. 

 
WATER QUALITY 

 
Turbidity and TSS 

 
Direct Impacts: The direct impacts regarding the turbidity and TSS in response to the 
excavation of the Shallotte borrow area and the placement of material along the beach 
would be comparable to those described under Alternative 1. Alternative 5, however, also 
includes the construction of the terminal groin which would involve additional direct 
impacts. The construction of the groin is proposed to take place concurrent with beach fill 
disposal. A minimal amount of excavation will be required for the landward 100 feet 
to 150 feet of the rubblemound portion of the structure in order to place the foundation 
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stone or mattress at an elevation of -5.0 feet NAVD. From that point seaward, the 
foundation stone/mattress would be placed on grade. At this time, construction methods 
may include the use of a temporary pier structure constructed parallel to the 
terminal groin. This activity may result in additional localized, temporary impacts to the 
water quality through increased turbidity during construction, but these effects would 
dissipate rapidly and are considered relatively minor. 

 
Indirect and Cumulative Impacts: Indirect and cumulative impacts are expected to be 
similar to those described under Alternative 1. However, because dredging and 
renourishment are anticipated to occur approximately at a minimum of every five 
(5) years, these would occur less frequently. Due to factors described above, no indirect 
or cumulative impacts regarding turbidity are expected. 
 
Nutrients 

 
Direct, Indirect, and Cumulative Impacts:  The implementation of Alternative 5 is not 
anticipated to impact the nutrients within the waters located in the Permit Area. 

 
WATER COLUMN 

 
Hydrodynamics and Salinity 

 
Direct, Indirect, and Cumulative Impacts: The tidal prism within the inlet as a whole 
would not be anticipated to change substantially over the 5-year simulation period 
following dredging within the Federal borrow area within Shallotte Inlet. Despite these 
anticipated minor alterations in tidal prism, hydrodynamics and salinity are not expected 
to be impacted in response to Alternative 5 due to the large volume of water moving 
through the system. 

 
Larval Transport 

 
Direct, Indirect, and Cumulative Impacts: Perpendicular coastal structures, particularly 
long jetties, can potentially interfere with the passage of larvae and early juvenile fish, 
such as bluefish, from offshore spawning grounds into estuarine nursery areas. 
Successful transport of larvae from fish spawning on the continental shelf through the 
inlet is dependent on along-shore transport processes which occur within a narrow zone 
parallel to the shoreline (Blanton et al. 1999; Churchill et al. 1999; Hare et al. 1999). 
Obstacles such as jetties adjacent to inlets may block the natural passage for larvae into 
inlets and reduce recruitment success (Kapolnai, et al. 1996; Churchill et al. 1997; Blanton 
et al. 1999). Miller (1992) and Settle (NMFS, unpub. data), estimated that successful 
passage of winter-spawned, estuarine-dependent larvae through Oregon Inlet could be 
reduced 60-100% while reviewing the potential impacts of a previously proposed dual 
jetty system at Oregon Inlet. 

 
The Fish and Wildlife Coordination Act Report concluded that the Oregon Inlet project 
should not be constructed because of, among other concerns, the impact of jetties on 
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larval fish passage (USACE, 1999). Although there are conflicting opinions on the 
magnitude of fisheries impacts of a dual jetty system at Oregon Inlet, it was postulated 
that the construction of the Oregon Inlet structures could prevent some portion of ocean- 
spawned larvae from reaching estuarine nursery areas (USACE, 1999). Construction or 
lengthening of jetties, particularly where inlets occur infrequently along the coast (such 
as Oregon Inlet), could lower successful fish recruitment and fishery productivity 
(Kapolnai et al. 1996; Churchhill et al. 1997; Blanton et al. 1999).  

 
While concerns regarding larval transport into estuarine habitats through inlets due to 
interference by jetties may have merit, the proposed terminal groin on Ocean Isle Beach 
is not expected to substantially impact larval fish transport. As described in Chapter 3, the 
fillet of the terminal groin will be artificially filled with beach compatible material 
immediately following construction which will effectively extend the dry beach shoreline 
seaward approaching the end of the terminal groin. Therefore, unlike the proposed duel 
jetties at Oregon Inlet which were planned to extend approximately 2,500 from the 
shoreline, the single terminal groin would not act as a direct impediment to 
longshore transport of larvae into the inlet. Once the beach protrudes to near the end of 
the structure, either by natural longshore transport or through beach nourishment, wave 
processes transport sand around and over the groins into the tidal inlet. The same sand 
by-passing action would also affect the movement of estuarine dependent larval forms 
thereby reducing any impacts to bluefish and other species.  
 
Limited research is available to support this notion. The most relevant and recent 
research is presented in the Terminal Groin Study, Final Report, prepared by Moffatt & 
Nichol in March of 2010 for the Coastal Resource Commission. The report concludes “In 
terms of larval transport, a terminal groin may reduce unrestricted access into inlet 
systems” (NCDENR, 2010). However, the report also states “As noted in the Physical 
Assessment Section, once a beach protrudes to near the end of the structure, either by 
natural longshore transport or through beach nourishment, wave processes transport sand 
around and over the groins into the tidal inlet. The same sand by-passing action would 
also affect the by-pass of estuarine dependent larval forms” (NCDENR, 2010). 
 
More recently, a study was developed by Olsen Associates, Inc. examining the potential 
impacts to tidal hydraulics and transport of fish larvae in response to the construction of a 
terminal groin at the western terminus of Bald Head Island, North Carolina. Using the 
Delft3D particle tracking model, it was determined that a terminal groin at Bald Head 
Island would have no far-reaching effects on the tidal hydraulics of the inlet. Differences 
in tidal flows were shown to be minor and localized within the general vicinity of the 
structure. These predicted minimal alterations to tidal flows were not expected to 
meaningfully hamper the ability of fish larvae to reach the inlet from the nearshore waters 
proximate to Bald Head Is land  (Olsen Associates, Inc. 2012). Therefore, as supported 
by the relative short length of the proposed terminal groin at Ocean Isle Beach with the 
combination of beach fill south of the structure, minimal impacts associated with larval 
transport are expected. 
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Larvae are expected to be entrained within the dredge while operating within Shallotte 
Inlet resulting in direct impacts. However, because the peak of juvenile settlement 
generally occurs within the estuary in spring through early summer (Ross and Epperly, 
1985), these impacts are anticipated to be limited as the dredging activity will be limited 
to the late fall and winter months. Some fish species do spawn during the winter and 
early spring (including spot, Atlantic croaker, southern and summer flounders, and 
menhaden), and therefore some species could be impacted. 

 
PUBLIC SAFETY 
 
Direct, Indirect, and Cumulative Impacts: During the construction of Alternative 5, 
construction hazards will increase due to the usage of heavy machinery within Shallotte 
Inlet and along the oceanfront shoreline of Ocean Isle Beach during beach nourishment 
activities and the construction of the terminal groin. Safety precautions, such as access 
restriction and use of USCG navigation rules will be undertaken to reduce this risk. Also, 
construction will be conducted during a period when boat traffic and beach use is at its 
lowest. The implementation of Alternative 5 will help alleviate the erosional pressure 
along of the extreme eastern end of Ocean Isle Beach thereby providing protection to the 
57 dwellings/dwelling units currently protected by sandbags. Without the threat of 
these homes being damaged or demolished, public safety should increase due to the 
avoidance of hazardous conditions caused by continued erosion including the exposure of 
utilities and leaking septic tanks. Furthermore, the sandbags, which could pose a public 
safety hazard due to their size and orientation to the eroded shoreline, would be 
removed and/or covered up and replaced with a nourished beach tapered from a developed 
dune ridge. 

 
The shore anchorage section of the groin would be constructed with sheet pile, either 
steel or concrete. The sheet piles would have a top elevation of +4.9 feet NAVD for a 
distance of about 130 feet between the landward end of the rubblemound section and the 
existing dune. The top elevation of the shore anchorage section would be reduced to +4.5 
feet NAVD for the remaining 170 feet (Figure 5.8).  The top of the landward most 
portion of the shore anchorage section would be below the existing ground level and 
therefore would not pose a threat to public safety. In addition, a U.S. Coast Guard 
approved navigation aid consisting of a three-pile dolphin and light, may be installed at 
the seaward end of the terminal groin. This will reduce the chance of the structure 
becoming a navigational hazard to vessels. 

 
No public safety impacts would be incurred on Holden Beach.  
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Figure 5.8. Profile of the 750-foot terminal groin. 
 
AESTHETICS 

 
Direct Impacts: Temporary impacts to aesthetics will result from the implementation of 
Alternative 5 due to the usage of heavy machinery within Shallotte Inlet and on the 
oceanfront shoreline of Ocean Isle Beach due to the construction of the terminal groin and 
the dredge and beach fill operation. Following completion of the construction phase of 
Alternative 5, the aesthetic resources will be as they were prior to construction with the 
exception of the terminal groin situated on the east end of the island. The landward 
portion of the terminal groin, which will be constructed with steel or concrete sheet 
piles, will have a crest elevation ranging between +4.5 and +4.9 feet NAVD which is 
close to the existing ground elevation.  The area disturbed by the construction activities 
will be restored to near pre-construction conditions by grading and planting of native 
plants if needed. As a result, most of the landward portion of the groin will not be visible. 
The terminal groin and the dredge and fill operation will occur during the winter months 
when the number of residents on the island are at their lowest. Therefore, while the 
aesthetics may be temporarily impacted, less people will notice the disruption. 

 
No long term adverse impacts to the aesthetics are anticipated within proximity to Ocean 
Isle Beach. 

 
Indirect and Cumulative Impacts: Indirect and cumulative impacts will occur due to the 
anticipated five (5) year nourishment interval on Ocean Isle Beach. Due to the length of 
time in between maintenance events, cumulative effects are expected to be minimal. 
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RECREATIONAL RESOURCES 
 

Direct Impacts: Direct impacts would be similar to those described for Alternative 1. 
 
Indirect and Cumulative Impacts: Immediately following construction, recreational 
resources and opportunities are expected to benefit from the increased size and extent of 
the nourished beaches along Ocean Isle Beach’s oceanfront shoreline. This will offer 
additional area for surf fishing, bird watching, and other recreational opportunities. 
However, recreational activities will be interrupted every five years during maintenance 
dredging and beach fill operations. 

 
NAVIGATION 

 
Direct, Indirect, and Cumulative Impacts: The initial construction followed by periodic 
maintenance dredging in Shallotte Inlet will benefit navigation due to a maintained depth 
created by the dredging activities. During the dredging, however, navigation will be 
temporarily directly impacted due to the presence of the dredge and its associated 
pipelines within the inlet. At no time will complete restriction of navigation occur in 
Shallotte Inlet during dredge operations. There will be some minor negative impacts to 
navigation due to the presence of barges used to transport the stone for construction of 
the terminal groin. These impacts to navigation will be imposed during every maintenance 
event, which is scheduled approximately every five years. 

 
The terminal groin will be clearly marked; therefore it should not pose a threat to boats. 
Therefore, following construction of Alternative 5, boaters should find navigation within 
Shallotte Inlet easier to navigate after initial dredging and after each maintenance event, 
which is anticipated to occur at a minimum every five (5) years. Therefore, navigation is 
expected to be positive over the long-term. 
 
 INFRASTRUCTURE 

 
Direct, Indirect, and Cumulative Impacts: Alternative 5 is expected to benefit the 
infrastructure on Ocean Isle Beach due to the long-term protection from erosion. The 
beach nourishment plan included in Alternative 4 would provide protection between 148 
feet east of stations 0+00 and 90+00 along the Ocean Isle Beach shoreline. 

 
SOLID WASTE 

 
Direct, Indirect, and Cumulative Impacts: Impacts to solid waste would be anticipated to 
be similar to those described for Alternative 4. 

 
ECONOMICS 
 
Direct, Indirect, and Cumulative Impacts: The initial construction cost of the terminal 
alternative totals $5,700,000 which includes the construction of the structure as well as the 
placement of fill material within the fillet. The periodic nourishment cost every five (5) 
years involving fill within the fillet and the advanced fill for the Federal project is expected 
to be $6,575,000 (Table 5.7).  
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The equivalent annual cost for the terminal groin options were computed using compound 
interest methods with an interest rate of 4.125% and a 30-year amortization period. While 
maintenance of the terminal groin would not be required every year, given the uncertainty 
as to when repairs may be needed, terminal groin repairs were assumed to occur every year 
at an annual rate of $21,000. The equivalent annual cost for Alternative 5 is $1,567,000. 

 
Table 5.7. Projected costs associated with the implementation of Alternative 5. 

Terminal Groin Option Feature Units Quantity
Costs Including 

15% Contingency
250-foot

Fillet Beach Fill CY 87,000 $751,000
Terminal Groin linear feet 585 $1,143,000
Engr & Design job Lump Sum $200,000

Construction Oversight job Lump Sum $234,000
Total Initial Construction $2,328,000

Nourishment CY 357,000 $6,205,000

Maintenance Cost NA NA $7,000

500-foot

Fillet Beach Fill CY 185,000 $1,596,000
Terminal Groin linear feet 839 $1,834,000
Engr & Design job Lump Sum $200,000

Construction Oversight job Lump Sum $336,000
Total Initial Construction $3,966,000

Nourishment CY 372,000 $6,334,000

Maintenance Cost NA NA $13,000

750-foot

Fillet Beach Fill CY 264,000 $2,277,000
Terminal Groin linear feet 1100 $2,783,000
Engr & Design job Lump Sum $200,000

Construction Oversight job Lump Sum $440,000
Total Initial Construction $5,700,000

Nourishment CY 400,000 $6,575,000

Maintenance Cost NA NA $21,000

Terminal Groin Maintenance (Average Annual)

Initial Construction

Periodic Nourishment Every Five Years

Terminal Groin Maintenance (Average Annual)

Initial Construction

Periodic Nourishment Every Three Years

Terminal Groin Maintenance (Average Annual)

Initial Construction

Periodic Nourishment Every Four Years

 
 
NOISE POLLUTION 

 
Direct Impacts: Direct impacts from noise pollution would be generated during the 
construction of the terminal groin as a result of the use of a pile driver to construct the 
temporary trestle and heavy machinery to transport the rubble mound material. 

 
Indirect and Cumulative Impacts: No adverse long term indirect or cumulative impacts 
resulting from noise pollution are anticipated under Alternative 5. 
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Chapter 6  AVOIDANCE AND MINIMIZATION 
 
The following describes actions and measures incorporated into the design of the Applicant’s 
Preferred Alternative – Alternative 5 to avoid and/or minimize direct, indirect, and cumulative 
effects to the resources found within the Permit Area and the species that utilize them.  
 
1. How will construction practices avoid and minimize environmental impacts? 
 
Construction Schedule 
 
Dredging within Shallotte Inlet along with the nourishment of the estuarine and oceanfront 
shoreline of Ocean Isle Beach would be scheduled to protect threatened and endangered species, 
minimize adverse impacts to offshore, nearshore, intertidal and beach resources to the maximum 
extent possible and occur between the environmental dredge window of November 16 and April 
30. The timing of construction activities was specifically scheduled to occur outside of the sea 
turtle nesting season, the West Indian manatee summer occurrence in North Carolina, the piping 
plover (and other shorebirds) migratory and breeding seasons, and the seabeach amaranth 
flowering period.  Also, the construction of the terminal groin as well as the sand placement and 
dredge operations will be conducted outside of primary invertebrate production and recruitment 
periods (spring and fall) which will limit impacts to amphipods, polychaetes, crabs and clams. 
 
Terminal Groin Structure 
 
Of the three design lengths of the terminal groin evaluated through the use of the Delft3D model, 
the 750-foot alternative including a 300-foot shore anchorage section was selected as the 
Applicant’s Preferred Alternative. The type of material used to construct the terminal groin was 
also evaluated. Options included steel or concrete sheet pile and the use of rock rubble mound 
design. The applicant’s preferred alternative includes a sheet pile for the shore anchorage section 
and the rubble mound design for the seaward portion of the groin. The use of this material is 
expected to provide habitat for sessile benthic organisms as well as crustaceans and fin fish. 
Therefore, environmental benefits are anticipated due to the use of the rubble material opposed 
to sheet pile.  
 
During the construction of the groin, a 50-foot construction corridor will be established around 
each side of the footprint of the structure and all construction activity will be required to remain 
within the corridor. This will ensure that the environmental impacts will be kept to a minimum 
within the construction area. Furthermore, the barge access location for the unloading of the 
rubble mound material will be situated along the Shallotte Inlet shoreline where impacts to 
vegetation would be minimal.  
 
The design of the groin will be “leaky” in nature and will have a relatively low-profile. This will 
permit seawater and fish larvae to flow over the top and through the structure which will serve to 
minimize any impacts associated with restricting the passage of fish larvae beyond the structure.  
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Dredge Type 
 
A hydraulic cutterhead is proposed for dredging the proposed borrow area within Shallotte Inlet. 
A cutterhead dredge uses a rotating cutter assembly at the end of a ladder arm to excavate bottom 
material, which is then drawn into the suction arm and pumped to the shoreline. On the beach, 
pipelines will transport the sediment to the designated beach fill area. Bulldozers will be used to 
construct seaward shore parallel dikes to contain the material on the beach, and to shape the 
beach to the appropriate construction cross-section template. During construction, the contractor 
will utilize surveying techniques for compliance with the designed berm width, height, and slope. 
 
Compared to similar types of dredging methodologies, a cutterhead dredge creates minimal 
disturbance to the seafloor resulting in lower sedimentation and turbidity levels. Anchor (2003) 
conducted a literature review of suspended sediments from dredging activities. This report 
concluded that the use of a hydraulic dredge (i.e., cutter suction) limits the possibilities for re-
suspension of sediment to the point of extraction. Also, since the sediment is suctioned into the 
dredge head, the sediment cannot directly enter into the middle or upper water column. 
 
No incidences of sea turtle takes from a hydraulic dredge have been identified during the 
research and development of this document. Therefore, the use and methods involved with this 
type of machinery reduces or eliminates the likelihood of an incidental take. 
  
Dredge Positioning 
 
DREDGEPAK® or similar navigation and positioning software will be used by the contractor to 
accurately track the dredge location in relation to the hardbottom buffer protection zones. The 
software will provide real-time dredge positioning and digging functions to allow color display 
of dredge shape, physical feature data as found in background Computer Aided Design (CAD) 
charts and color contour matrix files from hydrographic data collection software described above 
on a Cathode Ray Tube (CRT) display. The software shall also provide a display of theoretical 
volume quantities removed during actual dredging operations. 
 
Dredge anchors shall not be placed any further than 200 feet from the edge of the areas to be 
dredged. The dredge contractor will be required to verify the location of the anchors with real 
time positioning each and every time the anchors are relocated. 
 
Sediment Compatibility 
 
Beach nourishment projects may indirectly impact sea turtles by influencing the quality of the 
nesting habitat and may disrupt reproduction and foraging grounds. Incompatibility of 
nourishment material within the nesting habitat can potentially affect nesting females’ ability to 
successfully nest (Lutcavage et al., 1997). If the nourishment sand is dissimilar from the native 
sand, results can include changes in sand compaction, beach moisture content, sand color, sand 
grain size and shape, and sand grain mineral content, all of which may alter sea turtle nesting 
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behavior (Crain et al., 1995). Nest site selection and digging behavior of the female can be 
altered or deterred, if she finds the beach unsuitable. Additionally, escarpments may develop on 
nourished beaches, and can prevent sea turtles from accessing the dry beach and cause the female 
to return to the water without nesting. Unable to reach preferable nesting sites, females may also 
choose to deposit nests in unfavorable areas seaward of the escarpment, making them vulnerable 
to wash-out (Crain et al., 1995).  
 
These negative impacts can be lessened by ensuring beach fill is compatible with the native 
beach receiving the fill. The North Carolina Coastal Resources Commission adopted the State 
Sediment Criteria Rule Language (15A NCAC 07H .0312) for borrow material aimed at 
preventing the disposal of incompatible material on the beach. The North Carolina State 
standards (15A NCAC 07H.0312) (2) (e) allow an applicant to use two sets of sampling data 
with at least one dredging event in between to characterize material for future nourishment 
events. If both sets of data are shown to be compatible as stated in the Rule, subsequent projects 
can use the material from the same borrow area. In addition, Section (3) (a) of the Rule states 
that sediment completely confined to the permitted dredge depth of a maintained sediment 
deposition basin within an inlet shoal system is considered compatible if the average percentage 
by weight of fine-grained (less than 0.0625 millimeters) sediment is less than 10%. These 
changes took effect in September 2013 after beach sampling and analysis were completed for 
this proposed project. Although compatibility of the borrow area as it relates to the State 
sediment criteria only requires sediment to contain less than 10% fines by weight, this analysis 
considers color, grain size, and percent calcium carbonate as well. The rule language has been 
adhered to during the planning and development of the Ocean Isle Beach Shoreline Management 
Project, which reduces the potential for negative effects of beach nourishment (See Appendix D–
Geotechnical Report). Ultimately, adherence to the Sediment Criteria Rule Language will serve 
to minimize impacts to nesting sea turtles and minimize turbidity. 
 
The composite fine-grained sediment within the footprint of the area dredged in 2001 based on 
the data from six (6) vibracores collected in 1998 is 1.3%. The composite fine-grained sediment 
within the same footprint of the area dredged in 2001 based on data collected after the dredging 
event) is 1.95%. The composite percent fine grained material for the existing beach sampled 
along the east end of Ocean Isle beach is 1.34%. Therefore, sediment confined to the footprint of 
the area dredged in 2001 in Shallotte Inlet is compatible in accordance with 15A NCAC 
07H.0312. Vibracore data obtained from the 2005 and 2009 vibracores recovered from within 
the proposed borrow area indicate a percent carbonate by weight of 15.5%. The carbonate 
content of the existing beach ranges from 5% to 7% with a composite value of 6%.   
 
Analyses of the samples collected from the existing beach by CPE-NC and the USACE indicate 
that sediment along the eastern end of Ocean Isle Beach has a mean grain size of 0.23 mm. The 
composite median grain size for the area analyzed using the 1998 vibracores is 0.16 mm. The 
composite mean grain size for the area analyzed using the 2005 and 2009 vibracores is 0.36 mm.  
 
A change in sediment color due to beach nourishment could alter the natural incubation 
temperatures of sea turtle nests (Morreale et al., 1982). Sex determination in hatchlings is 
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dependent upon temperature: higher temperatures tend to skew the hatching sex ratio in favor of 
female hatchlings (Broderick et al., 2001).  To provide the most suitable sediment for nesting sea 
turtles, the color of the nourishment material must resemble the natural beach sand in the area. 
Sediments recovered within the vertical boundaries of the proposed borrow area were described 
by the USACE as having a tan and or gray color (USACE, 1997c; Catlin, 2009). The wet 
Munsell Color values for sediment samples collected by CPE-NC in 2013 and 2014, range from 
5 (gray to olive gray) to 7 (light gray), with a typical value of 7 (light gray). The samples 
collected by CPE-NC in 2013 and 2014 represent the existing beach, which is a composite of the 
characteristics of material that has been placed on the beach during past nourishment projects 
and native beach sediment.  

 
As a result of sediment compliance efforts, compaction of fill material on the beach is less likely 
to occur due to the lower silt content. Compaction of fill could impact the ability of sea turtles to 
dig and nest along the nourished beach, resulting in an increase in false crawls. Also, 
macroinfauna indicative of a healthy benthic community depend upon variable particle sizes and 
available interstitial pore space in the substrate for aeration properties. Compaction of the fill 
material could impact resident macroinfaunal populations thereby affecting the migratory and 
resident shorebirds, waterbirds, as well as the commercially and recreationally important fish that 
depend upon them.  
 
Pipeline Observations 
 
In order to minimize impacts on wintering piping plover, the pipeline alignment will be designed 
to avoid potential piping plover wintering habitat. The alignment will be coordinated with, and 
approved by, the USACE and NCDCM. As-built positions of the pipeline will be recorded using 
GPS technology and included in the final construction observation report. 
 
In order to avoid impacts associated with the transport of fill material to the disposal sites, the 
Town of Ocean Isle Beach will negotiate with the dredging contractor to monitor and assess the 
pipeline during construction. This will serve to avoid leaking of sediment material from the 
pipeline couplings, other equipment, or other pipeline leaks that may result in sediment plumes, 
siltation and/or elevated turbidity levels. The Town of Ocean Isle Beach, along with their 
Engineer, will coordinate with the dredgers and have in place a mechanism to cease dredge and 
fill activities in the event that a substantial leak is detected (leaks resulting in turbidity that 
exceed State water quality standards or sedimentation). Operations may resume upon appropriate 
repair of affected couplings or other equipment.  
 
2. What are the monitoring initiatives being developed? 
 
Several monitoring initiatives have been implemented along the Town of Ocean Isle Beach as 
part of the permit conditions for previously implemented beach nourishment projects. A 
description of existing and proposed monitoring initiatives in support of the Town of Ocean Isle 
Beach Erosion Mitigation Plan is included below.  
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Construction Observations 
 
Several initiatives will be undertaken by the Town of Ocean Isle Beach, the Engineer, or his duly 
authorized representative to monitor construction practices. Construction observation and 
contract administration will be periodically performed during periods of active construction. 
Most observations will be during daylight hours; however, random nighttime observations may 
be conducted. The Town of Ocean Isle Beach, the Engineer, or his duly authorized representative 
will provide onsite observation by an individual with training or experience in beach 
nourishment and construction observation and testing, and that is knowledgeable of the project 
design and permit conditions. The project manager, a coastal engineer, will coordinate with the 
field observer. Multiple daily observations of the pumpout location will be made by the Town of 
Ocean Isle Beach, the Engineer, or his duly authorized representative for QA/QC of the material 
being placed on the beach. Information pertaining to the quality of the material will periodically 
be submitted to the USACE and NCDCM for verification. If incompatible material is placed on 
the beach, the USACE and NCDCM will be contacted immediately to determine appropriate 
actions.  
 
Material Color 
The Town of Ocean Isle Beach, the Engineer, or their duly authorized representative, will collect 
a representative sub-surface (6 in below grade) grab sediment sample from each 100-ft long 
(along the shoreline) section of the constructed beach to visually assess grain size, wet Munsell 
color, granular, gravel, and silt content. Each sample will be archived with the date, time, and 
location of the sample. Samples will be collected during beach observations. The sample will be 
visually compared to the acceptable sand criteria (Table 6.1). If determined necessary by the 
Engineer, or his duly authorized representative, quantitative assessments of the sand will be 
conducted for grain size, wet Munsell color, and content of gravel, granular and silt. A record of 
these sand evaluations will be provided within the Engineer’s daily inspection reports and 
submitted to USACE and NCDCM for verification.  
 
Escarpments 
Visual surveys of escarpments will be made along the beach fill area immediately after 
completion of construction. Escarpments in the newly placed beach fill that exceed 18 inches or 
greater than 100 ft shall be graded to match adjacent grades on the beach. The decision for 
escarpment removal will be determined upon consultation with USACE and NCDCM. Removal 
of any escarpments during the sea turtle hatching season (May 1 through November 15) shall be 
coordinated with the North Carolina Wildlife Resources Commission (NCWRC), USFWS, and 
the USACE – Wilmington District. 
 
Water Quality 
The inlet, nearshore and offshore water columns are classified as SA (market shellfishing, salt 
water) and High Quality Water (HQW) under the North Carolina State water quality standards. 
This classification requires that work within the water column shall not cause turbidity levels to 
exceed 25 Nephelometric Turbidity Units (NTU) or background (ambient) conditions that are 
above 25 NTU.  
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Dredge and fill operations are expected to temporarily elevate turbidity levels in the water 
column at the borrow area and fill sites. Higher turbidity levels are likely to be found in the 
discharge zone (nearshore swash zone) during periods of active construction. The use of a cutter 
suction dredge will minimize the area of disturbance since this type of dredge involves suction 
for the extraction of sediment.  

Turbidity monitoring during construction will be managed by the contractor. The contractor will 
be responsible for notifying the construction engineer in the event that turbidity levels exceed the 
State water quality standards. 

Bird Monitoring 
 
The North Carolina Wildlife Resource Commission and partners have performed breeding 
surveys for colonial nesting waterbirds within proximity to the Permit Area on a regular basis 
since 1977. Specifically, surveys have been conducted along the eastern and western portion of 
the island in proximity to Tubbs Inlet and Shallotte Inlet. Surveys for breeding piping plovers 
have been conducted since 1989 at the same locations. Surveys for non-breeding piping plovers 
have been conducted in more recent years. These surveys include data from breeding and non-
breeding seasons for several listed bird species as well as other shorebirds and waterbirds.    This 
monitoring is expected to continue for the foreseeable future.  
 
Seabeach Amaranth (Amaranthus pumilus) 
 
Ocean Isle Beach has been surveyed by the USACE for seabeach amaranth since 1992 
(Piatkowski, pers. comm.). This monitoring is anticipated to continue for the foreseeable future.  
 
Sea Turtles  
 
The Ocean Isle Beach Sea Turtle Patrol has been actively monitoring sea turtle nests on their 
beach since 1984. Currently, the Ocean Isle Beach Sea Turtle Protection Organization provides 
monitoring along the island. This monitoring is anticipated to continue for the foreseeable future.  
 

West Indian Manatee (Trichechus manatus) 
 
The West Indian manatee can be found in shallow waters (1.5 to 6.1 m [5 to 20 ft]) of varying 
salinity levels including coastal bays, lagoons, estuaries and inland river systems. T. manatus 
have been recorded in North Carolina and are most likely to occur from June through October 
when water temperatures are warmest (temperatures above 23.9ºC [75ºF]) (Schwartz, 1995; 
USFWS, 2006f; USFWS, 2001b). Although the manatee is not expected to be present during 
dredge and fill operations, the contractor will adhere to the precautionary guidelines established 
by the USFWS – Raleigh Office for construction activities in North Carolina waters. Refer to the 
Guidelines for Avoiding Impacts to the West Indian Manatee. 



 
DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 

194 
 

Habitat Mapping 
 
Purpose and Goals 
It is anticipated that the implementation of the proposed project has the potential to impact 
certain biological resources and habitats found within the proposed Permit Area, particularly 
within the complex of Shallotte Inlet. These include resources such as shellfish habitat, salt 
marsh, and intertidal communities found within the area to be investigated. Determining the 
baseline conditions of these resources prior to construction is a fundamental step in quantifying 
changes in response to the implementation of Alternative 5. Existing data were utilized to 
delineate and characterize habitats and select species within the proposed Permit Area (Figure 
4.1). Data gathered from these activities provided the baseline conditions of a number of 
biological resources as reported in Chapter 4 of this document. The purpose of the baseline 
habitat mapping effort was to identify the current extent of the biological resources within the 
area prior to the construction of the terminal groin and subsequent beach fill and will serve as the 
baseline assessment of the subject resources within the identified Shallotte Inlet Habitat Mapping 
Area, as designated in Figure 6.1. Subsequent habitat mapping efforts will be utilized to assess 
the extent of change to these habitats within the designated boundary following construction 
activities.  
 

 
Figure 6.1- Shallotte Inlet Habitat Mapping Area 
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Monitoring Schedule 
Pre-construction photographic interpretation of biotic communities and groundtruthing 
investigations within the proposed habitat mapping area were completed in March 2014 utilizing 
high resolution aerial photography acquired in 2012.  
 
The acquisition of high resolution aerial photographs, ground-truth investigations, and 
identification of biotic communities will be conducted within the Shallotte Inlet Habitat Mapping 
Area between 1 September and 30 November in the three (3) years following construction of the 
proposed project. All surveys will be compared to the pre-construction conditions observed from 
the 2012 aerial photography.  
 
Monitoring Parameters  
 
Aerial Photography:  
Cartographic aerial photography will include the acquisition of ortho-rectified color digital 
imagery of the 928 acre Shallotte Inlet Habitat Mapping Area. Resolution of the acquired 
imagery will be sufficient to accurately delineate and map habitats and features of environmental 
significance within the survey area. The aerial platform from which the imagery is acquired will 
have an onboard GPS that will provide an accurate basis for product correction. NMFS will be 
consulted regarding the performance specifications on the imagery prior to finalizing the plan by 
the Town of Ocean Isle Beach and authorizing a contract.  
 
In compliance with State and Federal agency requests, digital image acquisition will be 
scheduled, to the greatest extent possible, to coincide with good weather conditions and an ebb 
tide that may provide for increased accuracy of habitat interpretation. Considering the weather-
dependent nature of this activity, every effort will be made to accomplish this task under 
optimum conditions.  
 
Aerial imagery will be collected in accordance with NOAA’s Coastal Services Center 2001 
Guidance for Benthic Habitat Mapping – An Aerial Photographic Approach (Finkbeiner et al., 
2001). Aerial photographs include the acquisition of ortho-rectified color digital imagery of the 
Shallotte Inlet Habitat Mapping area. Resolution of the acquired imagery will be sufficient (<0.6 
m [2 ft]) to accurately delineate and map habitats and features of environmental significance 
within the survey area. An emphasis will be placed on those marine and estuarine habitats 
located immediately within and adjacent to the Shallotte Inlet Habitat Mapping area. The aerial 
platform from which the imagery is acquired will include an onboard Global Positioning System 
(GPS) that will provide an accurate basis for product correction. 
 
Salt Marsh, Intertidal Shoals, Supratidal Shoals, and Subtidal Communities:  
Visual interpretations of biotic community types were digitally mapped using ArcView 9.3 
software over high-resolution georeferenced digital multispectral aerial photographs as part of 
the initial pre-construction assessment of biotic communities. The methods employed for 
interpretation of aerial photography included visual analysis of color variations in the 
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photographs to delineate habitats (dark areas = submerged land; white areas = sediment exposed 
above high tide line). Resolution of this imagery (< 2 feet) allowed for adequate delineation of 
the habitats and features within the Permit Area. Following the development of the preliminary 
biotic community mapping within the Permit Area via visual interpretation, field investigations 
were conducted to groundtruth the initial delineations. Sites selected for groundtruthing were 
determined by identifying areas that were difficult to classify from the aerial photography. These 
locations were visited via boat and the biotic community type (as identified through aerial 
photographic interpretation) was then verified. Based on the results of the field investigations, 
the preliminary habitat map was revised as necessary and acreages were determined.  
 
Reporting 
The final product from each post-construction assessment will include a report describing the 
biotic community map derived from the methods explained above. This report will summarize 
the acreage of each habitat identified and will compare the acreages to previous investigations 
(pre-construction and any post-construction efforts that may have occurred). Results of these 
mapping efforts will be incorporated into the Global Information System (GIS) database 
developed for this project. Acreages of each habitat type present within the permit area will be 
provided in a report to the USACE – Wilmington District, NMFS, USFWS, NCWRC, and 
NCDCM by January 1st of each year. 
 
Ocean Isle Beach Shoreline and Inlet Management Plan 
 
Introduction 
The legislation passed by the NC General Assembly in June 2011 authorizing the permitting of 
terminal groins at four (4) inlets in North Carolina carried with it the requirement to provide a 
plan for managing inlet and the estuarine and ocean shorelines likely to be under the influence of 
the inlet. During the 2013 legislative session, the General Assembly adopted Session Law 2013-
384 (Senate Bill 151) that modified some of the requirements that have to be met in order to 
permit a terminal groin. Most notably, the 2013 legislation no longer requires the applicant to 
demonstrate structures and infrastructure are “imminently threatened only that they are 
“threatened” by erosion. The 2013 legislation still requires the applicant to implement an inlet 
management plan that includes the following: 
 

(1) A monitoring plan; 
(2) A baseline for assessing adverse impacts and thresholds for when adverse impact 

must be mitigated; 
(3) A description of mitigation measures to be undertaken should the impact 

thresholds be reached;  
(4) A plan to modify or remove the terminal groin if adverse impacts cannot be 

mitigated. 
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As stated in the legislation:  
“The inlet management plan monitoring and mitigation requirements must be reasonable 
and not impose requirements whose costs outweigh the benefits. The inlet management 
plan is not required to address sea level rise.” 

 
The USACE established a comprehensive inlet and shoreline management plan in December 
2002 for the Federal storm damage reduction project (USACE, 2002). The various aspects of that 
plan, which are described below, are adopted for the Ocean Isle Beach preferred shoreline 
management project involving a terminal groin and beach fill along the eastern end of the island 
(Alternative 5). In addition to the USACE monitoring program, which would serve to satisfy 
items (1) and (2) of the mandated management plan listed above, measures to mitigate project 
related adverse impacts as well as plans to modify or remove the terminal groin if adverse 
impacts cannot be mitigate are discussed in the following sections. 
 
(1) Monitoring Plan. The USACE monitoring program is designed to: 
 

1) Monitor the Ocean Isle Beach and Holden Beach shorelines adjacent to Shallotte Inlet to 
verify the anticipated response of the inlet shoulders and ebb-tide shoal to dredging of the 
inlet as a borrow area.  

2) Provide data to track the performance of the beach fill placement in order to plan and 
schedule the periodic renourishment of the Federal project.  

3) Monitor the performance of Shallotte Inlet as a borrow area and sediment trap in order to 
plan dredging for the periodic renourishment.  

 
The scope of the USACE monitoring program, detailed below, would be sufficient to track 
impacts of the terminal groin on the shoreline of Ocean Isle Beach east and west of the terminal 
groin, evaluate structure induced changes in the behavior of the inlet shoulders, and determine if 
the structure is negatively impacting shoreline behavior on the west end of Holden Beach.  
 
The evaluation of habitat changes in the vicinity of Shallotte Inlet will be accomplished through 
analysis of aerial photographs that are included as part of the routine monitoring program.    
 
Monitoring Program. The USACE monitoring program, which again is adopted for the preferred 
terminal groin alternative for erosion protection along the east end Ocean Isle Beach, includes 
beach profile surveys covering 27,000 feet of shoreline on Ocean Isle Beach and 10,000 feet of 
shoreline on the west end of Holden Beach (Figure 6.2), radial profiles around the east and west 
shoulders of Shallotte Inlet (Figure 6.3), hydrographic survey of the inlet, and aerial photos. The 
beach profiles, which are spaced at 500-foot intervals, are surveyed every six months (fall and 
spring) while the inlet radial profiles are to be taken each spring. The aerial photos are also taken 
in the spring. To date, the USACE has published two monitoring reports, the first in December 
2002 (USACE, 2002) and the second in June 2005 (USACE, 2005). While subsequent 
monitoring reports have not been published, the USACE has continued to collect the monitoring 
data and has used the data to design the 2010 and 2014 periodic nourishment operations. Some 
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of the same monitoring data was used in the evaluation of the various shoreline and inlet 
management alternatives included in this document. 
 
The numerical modeling of the terminal groin alternative indicated there would not be any 
shoreline impact, either positive or negative, west of station 30+00 on Ocean Isle Beach or on the 
west end of Holden Beach, therefore, the USACE monitoring program is more than sufficient to 
satisfy the legislative requirements. 
 
(2) Shoreline Change Thresholds. As part of the monitoring plan, the USACE developed 
shoreline change thresholds for Ocean Isle Beach and Holden Beach using shoreline change data 
developed by the NC Division of Coastal Management (NCDCM) for the time period 1938 to 
1992 supplemented by a March 2001 pre-construction shoreline interpreted from aerial 
photographs (USACE, 2002). The USACE used least square analysis to establish shoreline 
trends at each 50-meter transect included in the NCDCM data set and to establish 95% 
confidence limits around the computed shoreline change trends. Next, the USACE matched the 
NCDCM transects to the beach profile monitoring profiles shown in Figure 6.1 and computed 
average shoreline change rates and average 95% confidence intervals for each profile. With the 
monitoring profiles spaced every 500 feet and the NCDCM transects every 50 meters, the 
averages were based on NCDCM transects on each side of the profile station. In general, the 
average shoreline change rates and confidence intervals applicable to each 500-foot profile 
station represent the average of 7 NCDCM transects.  
 
In establishing the shoreline change thresholds, the USACE excluded areas on the west end of 
Holden Beach and the east end of Ocean Isle Beach that are included in the area presently 
designated as an Inlet Hazard Area. The USACE found shoreline changes within the Inlet 
Hazard Area to be too erratic to establish long-term trends. The excluded areas are shown in 
Figure 6.4.  
 
The shoreline change rates, 95% confidence intervals, and the shoreline change threshold 
adopted by the USACE for each profile station on Ocean Isle Beach and Holden Beach are 
provided in Table 6.1. The shoreline change rate threshold adopted by the USACE was 
computed by subtracting one-half of the 95% confidence interval from the average shoreline 
change rate at each profile. For the area on the west end of Holden Beach between profile 
stations 375 and 400, the overall change in the shoreline was accretion, however; the USACE 
could not establish definitive shoreline change trends due to the unpredictable influence of the 
Shallotte Inlet bar channel on the shoreline. For this area the USACE adopted a threshold rate of 
0 feet/year applicable to profiles 375 to 400.   
 
The use of 95% confidence intervals in establishing shoreline change rate thresholds provides a 
degree of certainty that observed shoreline change rates that exceed the threshold values are 
indicative of changes that would not have been expected to occur under pre-project conditions.  
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Figure 6.2. Beach profiles included in the USACE Ocean Isle Beach monitoring program 
(Figure copied from USACE, 2002). 
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Figure 6.3. Inlet radial profiles included in the USACE Ocean Isle Beach monitoring program 
(Figure copied from USACE, 2002). 
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Figure 6.4. Existing Inlet Hazard Area for Shallotte Inlet (Figure copied from USACE, 2002). 
 
Table 6.1. USACE shoreline change thresholds for Ocean Isle Beach and the west end of Holden Beach.  

Ocean Isle Beach Shoreline Change Thresholds 

Beach 
Profile No. 

Average Rate 
Shoreline 

Change (ft/yr) 

Average 95% 
Confidence 

Interval (ft/yr) 

Shoreline Change 
Rate Threshold 

(ft/yr)(1) 
5 -2.8 4.0 -4.9 

10 -4.3 2.1 -5.3 
15 -4.7 1.7 -5.6 
20 -3.6 1.7 -4.4 
25 -1.0 1.9 -1.9 
30 1.0 2.1 0.0 
35 1.7 1.9 0.8 
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40 1.7 1.7 0.8 
45 1.3 1.5 0.6 
50 1.0 1.5 0.3 
55 0.7 1.5 -0.1 
60 0.3 1.7 -0.6 
65 0.0 2.2 -1.1 
70 0.1 2.9 -1.4 
75 0.2 3.1 -1.3 
80 0.1 3.2 -1.5 
85 0.0 3.5 -1.7 
90 -0.2 3.4 -1.9 
95 -0.4 3.3 -2.0 

100 -0.4 3.2 -2.0 
105 -0.4 3.1 -1.9 
110 -0.3 3.1 -1.8 
115 -0.3 3.0 -1.7 
120 -0.1 2.8 -1.5 
125 0.1 2.5 -1.2 
130 0.2 2.4 -1.0 
135 0.4 2.3 -0.7 
140 1.0 2.1 0.0 
145 1.4 1.8 0.5 
150 1.4 1.5 0.6 
155 1.1 1.6 0.3 
160 0.9 1.7 0.1 
165 0.9 1.8 0.0 
170 1.0 2.2 -0.1 
175 1.1 2.5 -0.2 
180 1.1 2.5 -0.1 
185 1.1 2.6 -0.2 
190 1.0 2.6 -0.3 
200 1.1 2.6 -0.2 
205 1.0 2.8 -0.4 
210 1.0 2.8 -0.4 
215 1.0 2.6 -0.3 
220 1.1 2.5 -0.2 
225 1.1 2.6 -0.2 
230 1.1 2.7 -0.2 
235 1.2 3.1 -0.4 
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240 1.3 3.4 -0.4 
245 1.3 3.7 -0.5 
250 1.4 4.2 -0.7 
255 1.4 4.8 -1.1 
260 1.6 5.6 -1.2 
265 1.8 6.2 -1.3 
270 1.8 6.2 -1.3 

 

Holden Beach Shoreline Change Thresholds 

Beach 
Profile 
No.(2) 

Average Rate 
Shoreline 

Change (ft/yr) 

Average 95% 
Confidence 

Interval (ft/yr) 

Shoreline Change 
Rate Threshold 

(ft/yr)(1) 
400 2.1 
395 5.5 7.3 
390 7.0 7.5 0.0 
385 7.1 8.0 0.0 
380 6.3 8.7 0.0 
375 5.3 9.3 0.0 
370 4.2 9.1 -0.4 
365 3.0 8.3 -1.1 
360 2.1 7.4 -1.7 
355 1.4 6.7 -1.9 
350 1.0 5.9 -2.0 
345 0.5 4.9 -1.9 
340 0.3 4.4 -1.9 
335 -0.2 3.7 -2.1 
330 -0.6 3.2 -2.2 
325 -0.8 2.5 -2.0 
320 -0.9 2.0 -1.9 
315 -1.2 1.7 -2.1 
310 -1.7 1.5 -2.5 
305 -1.7 1.3 -2.4 
300 -1.7 1.2 -2.3 

               (1)Shoreline change rate threshold equal to average rate – (½ x 95% confidence interval). 
               (2)Threshold rate of 0 ft/yr adopted for profiles 375 to 400 due to influence of Shallotte Inlet bar  
           channel. 
 
To account for possible short term shoreline changes that could be caused by storm events or 
other factors, the USACE adopted a 2-year confirmation period, i.e., should observed shoreline 
change rate exceed the threshold rate at any profile station; an additional 2-year period would 
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follow to confirm the trend. Should the shoreline change rate exceed the threshold over the entire 
2-year confirmation period, an assessment of the proper responsive measures would be made. If 
the shoreline change rate decreases below the threshold rate during the confirmation period, the 
2-year confirmation period would be reset.  
 
In the event the area is impacted by a catastrophic storm such as a hurricane or severe nor’easter 
that causes major changes in the shoreline, subsequent shoreline change rates would likely 
exceed the threshold rates for some time. If after the two year post-storm confirmation period 
shoreline change rates are still being impacted by the storm induced changes and some of the 
measured shoreline change rates still exceed the threshold rates, an assessment will be made to 
determine if a new reference shoreline condition is needed in order to adequately evaluate 
potential project induced shoreline impacts that occur post storm.   
 
Comparable shoreline change rate thresholds were not established by the USACE for the radial 
profile lines around the inlet’s east and west shoulders (Figure 6.3) due to the variable nature of 
the shoreline changes and the lack of definitive shoreline trends. However, the radial transects 
would be monitored during the life of the project and the behavior of the inlet shorelines as 
depicted by the radial profiles used to determine if modifications in the Shallotte Inlet borrow 
area are needed.   
 
As mentioned above, the shoreline and inlet monitoring program and shoreline change rate 
thresholds established by the USACE for the Ocean Isle Beach storm damage reduction project 
are adopted for the Ocean Isle Beach Shoreline Management Project. In this regard, should 
Federal funding for the monitoring program fall short in any given year, the Town of Ocean Isle 
Beach would provide the necessary funding to assure the program is accomplished as planned.  
 
Sand Spit. The area on Ocean Isle Beach located east of profile station 5+00 was not included in 
the USACE shoreline change threshold evaluation since this area falls within the existing Inlet 
Hazard Area established by the NC Coastal Resources Commission. Also, the sand spit, it its 
present form, did not exist prior to the construction of the Federal project.  
 
Shoreline changes along the sand spit have been highly variable as shown by the shoreline 
positions of the sand spit traced from Google Earth aerial photos taken between March 1999 
(pre-construction) and January 2013 shown in Figure 6.5. The shorelines on Figure 6.5 do not 
represented a particular elevation such as mean high water or mean low water; rather the 
shorelines simply represent the approximate interface of the water with the dry sand beach as 
shown by the wet/dry line on the photos.  
 
Based on this set of aerial photos, the eastward projection of the sand spit reached a maximum in 
October 2007 (yellow line in Figure 6.5). Between October 2007 and October 2010 (dark blue 
line), the sand spit rotated counter clockwise resulting in a landward recession of the shoreline of 
between 400 feet and 600 feet on the extreme eastern end of the sand spit. The re-curved nature 
of the sand spit normally results in the formation of a shallow pond between the old spit 
shoreline and the backside of the new spit.  Between October 2010 and January 2013 (red line), 
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the shoreline along the eastern end of the sand spit moved seaward 250 feet to 350 feet in 
response to a new slug of sand moving to the east. Eastward movement of the slug of sand 
stopped when it reached the main inlet channel and the sand spit again rotated counter clockwise 
and eventually merged with the previous sand spit. This cyclic nature of sand spit behavior 
should continue following the implementation of Alternative 5. 
 
The approximate 1,000 feet of shoreline measured from the last house on the east end of Ocean 
Isle Beach represents the trailing end of the sand spit. Shoreline behavior in this area is also 
highly variable but not to the same degree as the eastern tip of the sand spit. This shoreline 
position variability is due in part to the movement of beach nourishment material being 
transported to the east off the east end of the Federal storm damage reduction project. In this 
regard, the October 2009 shoreline (green line in Figure 6.5), which was taken about 6 months 
prior to the April-May 2010 nourishment operation, had the landward most position of all of the 
shorelines in the photo dataset.  
 
(3) Mitigation Measures. Should shoreline responses along Ocean Isle Beach or Holden Beach 
exceed the shoreline change thresholds presented above and continue to exceed the thresholds 
throughout the 2-year verification period, the terminal groin would be evaluated to determine if 
modifications to the structure could be made that would mitigate the negative shoreline impacts. 
If modification of the terminal groin would not address the problem, beach nourishment would 
be provided in the affected areas to compensate for the structure related impacts. This mitigative 
measure would be made part of an agreement between the USACE, Ocean Isle Beach, and 
Holden Beach.  
 
While the establishment of shoreline change thresholds is not practical for the sand spit area, the 
behavior of the spit following the installation of the terminal groin would be evaluated to 
determine if the structure is having an obvious impact on the stability of the sand spit or if 
changes in the sand spit could have an negative impact on the structural integrity of the terminal 
groin. Should negative shoreline issues be identified along the sand spit, structural modification 
to the terminal groin that would increase sediment movement past the structure will be evaluated 
and implemented if appropriate. Should structural modifications not correct the problem, the 
sand spit area would be nourished during a regularly scheduled periodic nourishment event. 
 
Should any negative shoreline impacts be detected on the west end of Holden Beach, mitigation 
of these impacts would be accomplished using beach fills with the fill being obtained from the 
Shallotte Inlet borrow area during regularly scheduled periodic nourishment events. Under the 
existing Federal storm damage reduction project, mitigation of adverse impacts of the Shallotte 
Inlet borrow area on Holden Beach would be the responsibility of the Town of Ocean Isle Beach. 
Separating terminal groin and borrow area impacts on the west end of Holden Beach would be 
difficult if not impossible. However, with the Town of Ocean Isle Beach being responsible for 
mitigation in both instances, identifying the culpable feature (borrow area or terminal groin) 
would not be required.  
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(4) Project Modifications. The terminal groin proposed for the east end of Ocean Isle Beach in 
the applicant’s preferred alternative (Alternative 5) is designed to allow littoral sediment to move 
over, through, and/or around the structure. The so-called “leaky” nature of the design, a 
nomenclature suggested by Olsen & Associates for the terminal groin on Amelia Island, Florida, 
should allow sufficient volumes of sand to move past the structure and continue east along the 
sand spit to maintain the integrity of the spit. The post-construction configuration of the sand spit 
will be evaluated through interpretation of the aerial photographs. Should the sand spit diminish 
in size comparable to the March 1999 condition, consideration will be given to modifying the 
structure to allow more sediment to move from west to east past the structure of possibly 
providing beach fill to the area east of the terminal groin during regularly scheduled periodic 
nourishment operations. Modification to the structure could include removal of stones to increase 
permeability, shortening the structure, or lowering the crest elevation. The appropriate measures, 
i.e., structure modifications or beach fill, would be determined following an assessment of the 
degree of impact the structure is having on the area.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.5 Sand spit shorelines on east end Ocean Isle Beach – March 1999 to January 2013. 
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Reporting. Annual reports, comparable to the two monitoring reports previously published by the 
USACE, would be prepared and submitted to the USACE Wilmington District Regulatory Office 
and the NC Division of Coastal Management. The reports will summarize shoreline changes 
observed during the previous year and will compare updated shoreline changes to shoreline 
change thresholds. The results will be provided in both tabular and graphical form.  
 
Should the monitoring surveys detect shoreline change rates exceeding the threshold rates, the 
profile where the thresholds are exceeded will be “red flagged.” Subsequent monitoring reports 
over the following two years will closely follow changes at these profiles to determine if 
corrective actions are needed. 
 
Summary of Shoreline and Inlet Management Plan. The shoreline and inlet management plan for 
the Ocean Isle Beach project would include the following: 
 

(1) Beach profile surveys every 6 months covering 27,000 feet of shoreline on Ocean Isle 
Beach and 10,000 feet of shoreline east of Shallotte Inlet on Holden Beach.  

(2) The beach profiles will be spaced at 500-foot intervals along both Ocean Isle Beach and 
Holden Beach. 

(3) The 9 radial profiles on the east end of Ocean Isle Beach and the 8 radial profiles on the 
west end of Holden Beach, as shown in Figure 6.3, will be surveyed each spring and 
graphs prepared to show changes over time. 

(4) The sand spit shoreline east of the terminal groin will be mapped from the aerial photos 
taken each spring and plots of the changes in the spit shoreline shown graphically. 

(5) An annual report will be prepared summarizing changes observed during the year and 
identifying any profile stations where the shoreline change thresholds are exceeded. 

(6) The report will include a summary of significant meteorological events (tropical and 
extratropical), man-made activities (beach nourishment), and any other factors that had 
occurred that could have an impact of past as well as future shoreline changes. 

(7) The report will discuss if measures are needed to correct any observed negative shoreline 
impacts and if so provide recommendations on how to address the impacts. 
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Ocean Isle Beach Shoreline Protection Project 
Public Scoping Meeting 

3 October 2012 
 

 
GROUP 1 
 

 Address private and public economic impacts, positive and negative. 
 Address Senate Bill 110, each point in the bill 
 How will the terminal groin affect the west end of the island 
 Adequately address the downdrift affect well beyond the proposed terminal groin, including 

Sunset Beach 
 Cost of continuing maintenance of terminal groin 
 Address the length of the EIS study 
 Negative impacts on town, state, and tourism economy if no terminal groin is installed, or if no 

other project is approved 
 Visual aesthetics of completed terminal groin 
 If only beach nourishment were to continue without the terminal groin, how does it affect the east 

end of OIB 
 30 year model, include category 1 and over hurricanes, with and without the terminal groin 
 All comments should include with and without terminal groin 
 Disclose the funds paying for the terminal groin 
 Address property values if nothing is done, or if terminal groin is installed 
 Assess the opening up of the inlet as it affects navigation and recreational opportunities 
 Assess the impacts of sea level rise from a long-term perspective 
 How will the terminal groin affect the flow of the inlet, and how often will the inlet have to be 

maintained 
 Address private and public property east of the terminal groin 
 Addressing adequate funding for monitoring environmental effects of groin, funding for 

mitigation for negative effects west of the groin on OIB and adjacent islands.  Requirements for 
removal of groin, if needed 

 Address effects from removal of groin, if needed 
 Address/assess movement of sand with and without the terminal groin, along the eastern end of 

OIB 
 Additional effects of critical bird habitat on the west end of OIB 
 Impacts on sea turtle population if the terminal groin is put in. 

 
GROUP 2 
 

 Identify solution for existing problem 
 Money spent to save infrastructure and relocating utilities 
 Address impacts to Sunset Beach and Bird Island, down-drift  
 Long-term options beyond ACOE renourishment efforts 
 Immediate solutions available 
 Long-term solutions 
 Does current ACOE renourishment project affect erosion rates now 
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 Imminent threat for loss of existing structures 
 Hardened structures existing in other states (NJ), and their affects 
 Impacts to west end, will it affect wave refraction, sand accretion, and erosion 
 Aesthetic affects to beach-goers 
 Long-range costs, operations and maintenance-proliferation 
 Will this groin set a precedence for future groins at all inlets in NC 
 OIB central reach is stable, will the groin affect this 
 Changes in sand transport into Shallotte Inlet 
 Will groin only slow erosion, or stop it 
 Is this a permanent solution 
 Unintended consequences 
 Will ACOE expand existing nourishment efforts to include east end 
 Are jetties a viable alternative 
 Will groin cause loss to adjacent islands 
 Nesting shorebirds and sea turtles 
 Will groin create additional habitat for fish and bring back turtles 
 Impacts to Holden Beach and Shallotte Inlet AIWW Shallotte River 
 Does terminal groin affect the federal project 
 Will groin allow expansion of federal project into inlet hazard area-policy change 
 Will it cost more and/or save money to construct groin.  Less cost to renourish beach 
 Effect to Shallotte Inlet, will it increase navigation and stabilize inlet 
 Expert input-studies and observations by academic community showing effects of groins 
 Will sea level rise impact project viability 

 
 

GROUP 3 
 

 Terminal groin siting 
 Effect of construction timing based on protected species 
 Channel re-alignment alternative 
 Will there be access to the east end by ATV or foot 
 Downdrift effects of groin 
 Is there west end erosion 
 What are the effects of the groin on the east end and west end of Holden Beach (i.e. Turtles) 
 Are there other options out there 
 How visible will the structure be 
 What material will the groin consist of 
 Cumulative effects of other terminal groins in the area 
 Effects of structure on bed flow sediment 
 Impact to Sunset Beach (turtle issues, Bird Island, and erosion toward Bird Island) 
 Economical feasibility of groin 
 Depth of previous studies 
 Fisheries and other environmental issues 
 Effect of groin on east end of Sunset Beach 
 Accuracy of previous models 
 Comment made supporting the use of the structure 
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 Assessment of no build alternative, 20-25 year 
 Effect of stop dredging the inlet 

 
GROUP 4 
 

 Consider effects that timber structure (temporary reinforcement) had on the system 
 Provide schedule/timeline of event for completeness of project 
 Concern for time 
  Negative consequences downstream 
 Added expense for litigation if something were to go wrong 
 “Coastal Research” document is not a peer-reviewed study, it is an opinion 
 Sunset Beach has benefitted from their jetty 
 What will accretion mean for reclaiming private property (moving of setback lines) 
 What erosional affects this will have on Sunset Beach  
 Who will pay for consequences of the project to neighboring beaches (monitoring and mitigation) 
 Effects on Saucepan Creek (positive/negative effects of shoaling in the inlet) 
 Engineered distinction of this being a terminal groin, not a jetty or a groin (compare to other 

studies, i.e. Fort Macon, Pea Island –NCSU study) 
 Concern about cost of studies on tax payers, how much information is enough 
 Cost reduction of federal project (long-term) 
 Time it will take to get the project in the ground, propose sooner rather than later) 
 Impact on tourism, loss of money due to unsightly sandbags and loss of infrastructure 
 Clear statement in EIS on how OIB will address future effects of the project 
 Positive/negative impact on shoaling on inlet and navigability of the ICW 
 Desire for a more expeditious process with less time and frustration 

 

 

 

Terminal Groin Comments Received in Response to September 21, 2012 Public Notice: 
 
1) Economics/Financial 

 How to pay for future costs should be disclosed by the Town Council (if by increasing taxes 
notice should be given now). 

 Non-resident property owners should have a say re: approving/disapproving bonds. 
 Concern that tax increase will lower property values. 
 Est. of losses to landowners should only consider lots with structures and buildable lots that 

would be lost to shoreline erosion within the proposed project period (not lots already 
submerged/unbuildable). Areas not eminently threatened should not be considered. Undeveloped 
interior lots should be discussed for relocation of structures.  

 Applicant needs to provide detailed info to “demonstrate that structures or infrastructures are 
imminently threatened by erosion.” The actual number and location of structures that qualified as 
“imminently threatened” by the CRC need to be identified. 

 DEIS must demonstrate that the construction and maintenance of the TG must not result in sig. 
adverse impacts to private property or public beach. Need to ID what constitutes a sig. “negative” 
impact that must be mitigated for and ID boundaries when considering lack of sig. adverse 
impacts. Boundaries should be ID in the DEIS before project costs are est. or prior to any permit 
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decisions. 
 

 In evaluating costs and benefit of alternatives, applicant should represent scenarios that include 
the effects of storms on the project area and compare with a TG, with non-structural alts, and 
with no action.  

 Exact costs of financial assurances need to be determined so they can be factored into the 
cost/benefit analysis. 

 Additional project costs include increased commitment to beach renourishment near the inlet and 
inlet management costs, and how the proposed TG will affect the inlet as well as the inner 
beaches and estuarine ecosystems. 

 DEIS should detail costs of preparing the EIS, obtaining permits, and expected legal proceedings. 
 Major beneficiary of the project is the Williamson family (a.k.a. LW Legacy Assets and Ocean 

Isle Developing Co.) who own 61% of total properties within the project area, to include 65% of 
$100-value (underwater) properties. If renourished with public funds, these properties become 
public property. The DEIS should clarify who owns these lots before it can evaluate the impact of 
any alt, including no action. 

 Need to est. who will be financially liable for loss or protection of privately owned property 
downdrift of the TG (i.e. will the Town/citizens be liable for loss of $100-properties?) 

 Relocation of threatened structures is a viable alt that needs to be carefully examined. 
 Need to provide a timeline model of how predicted erosion could threaten structures on the east 

end not currently considered imminently threatened. 
 Provide for modification or removal of the TG if adverse impacts cannot be mitigated and the 

costs for these mods and removal.  
 ID funding sources necessary to fund the TG and beach fill given that no state funds are available 

and local funds need voter approval. 
 Applicant must provide cost estimates for the required financial assurances for the TG project to 

cover costs of removal, restoration of beach, long-term maintenance and probably litigation. 
 Economic costs and benefits of each project alt should include the positive econ. Values 

associated with natural inlet processes (fishing, tourism, habitat creation, larvae transport and fish 
migration). 

 Need to factor in long-term management costs associated with maintain sediment balance in the 
Shallotte Inlet. 

 DEIS must proposed adequate funding for monitoring, along with monitoring and mitigation on 
adj. islands and estuaries. 

 If the TG fails/causes damage, the DEIS must proposed appropriate funding for repairs, 
mitigation and/or removal. All funding should be placed in escrow and monitored by the Corps in 
accordance with its standard practices. 

 How to pay for the future cost of a TG should be determined and disclosed by the Town Council. 
Richard Bernhardt (resident?) 

 
 
2) Engineering/design/construction 

 $300,510 allotted for Engineering Support, to include use of computer models which are not 
appropriate/unreliable for this type of analysis; they are very poor predictors of future geological 
changes on barrier islands, especially around tidal inlets.  
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 Plan for construction and maintenance of TG and beach fill (prepared by licensed NC engineer) 
must be provided as part of the TG option. 
 

 Potential effects of “leaky” structure design; how injury or death to sea turtles and other marine 
mammals who could get trapped within the TG. 

 Detailed description/calculation of “leakage” rate and how it will affect the required beach 
renourishment and use of public beach, erosion or accretion of inlet habitats, tidal sands and inner 
inlet areas. 

 Consideration of gradual blockage of “leaky” groin due to growth of marine life, debris and other 
impediments. 

 
 
 
3) Biological/Natural Resources 

 Risk that beaches located down drift will be deprived of sand. 
 Project area not designated PNA or closed to taking of shellfish. 
 Substrate is primarily sand. 
 Listed species known to occur in the area are the West Indian manatee, piping plover, seabeach 

amaranth, Kemp’s Ridley, hawksbill, leatherback, loggerhead and green sea turtles. 
 Whales, shortnose and Atlantic sturgeon and sea turtles are under NOAA Fisheries’ Protected 

Species Division. 
 Most important aspects are the construction schedule and the compatibility of material imported 

for beach fill. 
 Concern with potential long-term impacts of sea-level rise; how may result in increased erosion 

and influence need for more frequent renourishments. 
 Need to address potential impacts to Holden Beach shoreline and piping plover critical habitat for 

entire length of shoreline. 
 All existing data re: species of concern should be provided. 
 State rule does not include criteria for mineral content, organic content and color. DEIS should 

include discussion of mineral/organic content and color of nourishment material and native 
material. The approach for ID native material should be explained. 

 404 wetlands throughout the project area should be ID and mapped. Compliance with avoidance, 
minimization and mitigation requirements should be explained for each alt. 

 “Critical habitat” as defined by USFWS needs to be mapped on both sides of the inlet and the 
effects of all project alts need to be evaluated on this habitat. 

 Concerns about impacts of the TG on critical bird habitat on west end of Holden Beach and 
Shallotte Inlet must be fully explored. 

 Need to investigate effect of TG on inlet narrowing and loss of natural inlet shoals and sand flats 
as well as possible increase in tidal flow. 

 Thorough evaluation of effects on ebb shoal deflation along with both economic and resource 
related costs. 

 Effects of the TG on the navigation channel and effects of continued required maintenance of the 
channel on the integrity of the TG itself. 

 Effects of the TG on piping plover and sea turtle habitat on each side of the inlet; need to address 
how the project will comply with the ESA. 
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 Potential effects on the Atlantic and Short-Nosed Sturgeon, West Indian Manatee and other listed 
species. 

 How will adult and hatchling sea turtles survive storm and wave action in and around the TG. 
 DEIS must adequately address the down-drift, ocean side environmental impact well beyond the 

TG. 
 Concerns that the TG will alter larval transport and impact important fish habitats through altered 

beach and nearshore sediment and profile. 
 Concern about altered longshore sediment transport; TGs may modify sediment grain size, 

increase turbidity in the surf zone, narrow and steepen beaches and result in reduced intertidal 
habitat and diversity and abundance of macroinvertebrates. 

 DMF requests a field investigation of the current distribution of larval and juvenile fishes in the 
Shallotte Inlet as well as another similar inlet as a control. Need to ID most highly utilized habitat 
areas and serve as baseline data to compare to data collected after the TG. 

 Request for detailed discussions of: all EFH and state protected habitats that occur in the area; all 
fish habitats outlined in the most recent NC CHPP that occur in the area; characterization of fish 
and invertebrate composition and abundance in the inlet and adj. surf zone. 

 Compilation of relevant research re: larval transport through inlets, esp. inlets with hardened 
structures. 

 Potential impacts to benthos of surf/swash zone and nearshore areas and a detailed plan to 
monitor for impacts within project area. 

 Potential impacts to wetlands due to anticipated erosion on the east end of the island. 
 Potential impacts to commercial and recreational fishing (including indirect economic impacts). 
 Potential direct impacts from dredging, beach placement, and nearshore placement and how those 

impacts will be minimized. 
 Potential impacts on regional sand budgets. 
 All oceanfront activity should be conducted outside of sea turtle nesting season (May 1 – Nov. 

15) or until the last known nest has hatched. 
 Avoid all work during shorebird nesting period (April 1 – Aug. 31). 
 Preconstruction monitoring should be incorporated in to the DEIS for overwintering birds to 

better establish use of the inlet area by these species.  Concerns for impacts to piping plover 
(must also be addressed in the DEIS). 

 Red knot is being considered for listing on the endangered species list; it utilizes inlet complexes 
in this area and could potentially be impacted and must be addressed. 

 Concern for impacts to benthic invertebrates found in intertidal habitats. NCWRC requests that 
benthic sampling be conducted pre and post-construction of the TG and beach renourishment 
events. 

 Address the influence that the groin may have on localized erosion rates and how to determine 
the appropriate nourishment needs for the groin to function properly and maintain desired beach 
profile. 

 Need to discuss the life of the project as well as all direct, indirect, secondary and cumulative 
impacts that will occur during the life of the project. 

 Need to provide a discussion on the potential mitigation options that may be available to offset 
any unintended direct and indirect impacts from the proposed TG. 

 All owners of property in OIB should be informed now of the risk that beaches located down 
drift of a TG will be deprived of sand. – Richmond Bernhardt (resident?) 
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4) Modeling 

 Detailed modeling should be required to review possible effects of the TG on Shallotte Inlet and 
navigable access to the Waterway and Ocean. 

 Detailed evaluation and reasoning on the selection of the modeling process to reveal any possible 
effect of TGs at both OIB and Holden Beach and any cumulative impacts associated with the two 
in relatively close proximity to each other. How will the responsible party be identified for 
impacts and mitigation. 

 Proof and analysis that the TG will reduce the frequency of required beach renourishment and 
how the “leaky” structure will affect that frequency. 

 DMF requests a detailed scientific field investigation, analysis and modeling of larval transport 
dynamic that exist in and near Shallotte Inlet. This info should be used to model estimated 
impacts of any TG alternatives to larval ingress and egress through the inlet. 

 
 
5) Monitoring 

 DEIS should discuss proposed daily monitoring programs for sediment compatibility, 
compaction and escarpments, and the potential presence of listed species in the project area 
during construction. 

 Proposed methods to monitor beach biota and species of concern should be fully addressed (to 
include location of pipeline, species surveys before and after work, recovery of beach biota, 
impacts to down-drift beaches and areas east and west of the project, and monitoring of the 
piping plover critical habitat). 

 Post-project monitoring and necessary mitigation must comply with the definition of thresholds; 
will serve as a baseline for determining mitigation of any future impacts and serve as a baseline 
for future monitoring; need to identify correct baselines. 

 Thresholds should be determined based on predictions of future shoreline and inlet 
configurations associated with each individual project alt. To demonstrate that non-structural alts 
are impractical, the DEIS must clearly prove that the TG will result in more beneficial shoreline 
and inlet configuration and cost-effectively accomplish the project purposes. 

 Describe post-construction activities the applicant will undertake to monitor impacts on coastal 
resources. 

 ID mitigation measures to be implemented if adverse impacts reach defined thresholds and state 
the costs of these mitigation measures. 

 DMF requests benthic macroinvertebrate monitoring within the impact areas of the TGs.  
 
 
6) General 

 Purpose of project is somewhat vague, and it is unclear what is meant by “environmentally-
justified”; project alts should meet the P&N in order to receive full consideration of the EIS; 
purpose of the project should be general enough to allow consideration of a full suite of alts. 

 Alts should include “abandon and/or relocate” as well as other protection measures without use 
of a TG. 
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 DEIS should recognize and discuss the requirement that “nonstructural approaches to erosion 
control are impracticable” and clearly indicate the practicality of each of the alts. 

 DEIS should ID an expected project life (with consideration to sea level rise). 
 The Cum Impacts Anal for all alts should include an analysis of potential sea-level rise scenarios 

(similar to EC 1165-2-211) and influence it will have on the nourishment schedule and overall 
life of the project. 

 DEIS should provide info concerning previous shoreline mgmt. projects for the entire length of 
OIB (federally funded and private), along with an aerial showing extent of those projects. 

 DEIS should provide substantial data on tidal currents and sediment transport around the inlet 
and erosion rates along the entire length of the shoreline. 

 Project description is troublesome in that it clearly states the preferred alt before thoroughly 
investigating/discussing any alternatives.  CEQ warns against consideration of choice outside of 
public view; preferred alts should be identified later in the process. 

 Town’s 3rd party consultant and engineer, CPE-NC, stated their preferred alt was the proposed 
TG and offered very little info about alts required in the NEPA process for DEIS purposes. This 
consequently biased the 3rd party requirement to research and review all reasonable alts. 

 To comply with State policy, investigating non-structural alts should be the main objective of the 
analysis. 

 Incorporation of the State Beach and Inlet Management Plan into the EIS process and 
consideration of recommendations for avoidance of hardened structures. 

 Consideration of possible effects of the TG reducing the long shore transport of sediment to 
Shallotte Inlet. 

 Consideration of effects of Shallotte Inlet morphology and inlet channel migration upon the TG 
structure itself. 

 Consideration of possible effects of the TG upon the west end of Holden Beach, historic 
shipwreck sites in the inlet and public and private property. 

 Ensure protection of properties down-drift of the TG and consider impacts on Town of Sunset 
Beach. 

 What impacts will placing groins on OIB have on Sunset Beach? Groins will block the 
movement of sand to the beaches that are downstream and trigger erosion on those beaches. TGs 
are only temporary fixes. Richard Hilderman, Sunset Beach resident. 
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Ocean Isle Beach Shoreline Management Project 
March 5, 2013 PRT Meeting Minutes 

Ocean Isle Beach, NC Town Hall 
 
The meeting was called to order at 1pm by Emily Hughes of the US Army Corps of Engineers 
(USACE). Introductions were made. Emily discussed the agenda for the meeting in which it would focus 
on the purpose and needs of the project, the proposed project alternatives, and a preliminary inventory of 
baseline biological data compiled for the Draft Environmental Impact Statement.  Open dialog from the 
attendees was encouraged. (A list of attendees is provided at the end of the minutes.) 
 
Emily reviewed the agenda and provided a brief overview of the role of the USACE and North Carolina 
Division of Coastal Management (DCM) in the permitting process.  She discussed how the National 
Environmental Policy Act (NEPA) comes into play with projects such as this.  Emily then reviewed the 
role of the Project Review Team (PRT) suggesting that the group has been assembled as a forum for 
participants to provide input and suggestions as the project progresses.  The PRT is not, however, a 
group that develops the EIS or an advisory team.  She then explained that Coastal Planning & 
Engineering of North Carolina (CPENC) has been selected as the 3rd Party Contractor and will be 
developing the EIS in tandem and under the review and guidance of the USACE.   
 
Steve Candler of the Brunswick County Association of Realtors posed two questions to Emily.  First, he 
asked how the UACE determines if significant impacts are expected and if an EIS is needed for this 
project.  Emily responded by stating that an Environmental Assessment (EA) may be developed to 
determine if impacts are expected.  If so, an EIS is developed.  In this case, however, SB110 required 
that an EIS would be required.  Doug Huggett from DCM explained this rationale in greater detail.  
Steve also asked if any other terminal groins had been built on the east coast and if any EIS documents 
have been developed.  Doug answered that there is a Draft EIS for Figure Eight Island and drafts in 
development for Bald Head Island and Holden Beach.  Two terminal groins had been built in North 
Carolina at Pea Island and Fort Macon; however, those were constructed prior to the SB110 legislation. 
Brad Rosov from CPENC added that EISs have been developed for other terminal groins within recent 
years in other states including South Carolina (Hilton Head) and Florida (Amelia Island).  These 
documents could be available from the Jacksonville District and the Savannah District.   
 
Doug then discussed the recent terminal groin legislation known as SB110 and reviewed the various 
components of the legislation.  Several aspects of the legislation will require a careful interpretation as 
the project moves forward including the development of a monitoring plan and proof of financial 
assurances.  He also added that the alternatives analysis would need to be included as a supplement to 
the CAMA Major Permit application packet as the NEPA process does not require this level of analysis 
within the EIS.  Rather, this analysis is conducted during the Record of Decision (ROD) process which 
occurs after the submittal of the EIS.  Mike Giles with the North Carolina Coastal Federation asked for 
clarification.  Brad explained that the timing of the EIS and the ROD are not compatible with the state 
legislation which is why the supplemental information will be provided to CAMA within the application 
packet. 
 
Emily then introduced the purpose and needs of the project and why they are important.  Brad reviewed 
the draft purpose and needs and explained that these were developed by the Town as they identified their 
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problem and CPENC would then work to develop project alternatives that would serve to solve those 
problems.  The draft purpose and needs are as follows: 
 

 Reduce or mitigate erosion along _____ miles of Ocean Isle Beach oceanfront shoreline 
west of Shallotte Inlet; 

 Maintain the Town’s tax base by reducing storm damage to development and 
infrastructure on the ocean front shoreline of Ocean Isle Beach between Shallotte Inlet 
and the western terminus of the Federal Project; 

 Maintain existing recreational resources; and 
 Balance the needs of the human environment with the protection of existing natural 

resources. 
 
Following a review of the purpose and needs, Brad showed the team a figure illustrating the proposed 
project location which includes Shallotte Inlet, a portion of the oceanfront shoreline of Ocean Isle Beach 
and Holden Beach as well as areas within the Atlantic Intracoastal Waterway and the Shallotte River.  
Brad emphasized that this project location is only a draft and will be adjusted once the modeling results 
provides an indication of the extent of any impacts to the area in terms of changes in hydrology, 
sedimentation, or erosion.  The domain within the project/permit area will then be utilized as the basis 
for the delineation of the acreages of the various biotic communities found within.  Any changes in the 
acreages of biotic communities following the construction of the project will be monitored via the 
interpretation of high resolution aerial photography.   Doug asked how much of the oceansfront shoreline 
along Ocean Isle Beach is included in the project location.  It was confirmed that it was approximately 1 
mile and would overlap the Federal Project.  John Ellis from USFWS asked where the borrow area was 
located for the Federal Project.  Tom Jarrett from CPENC stated that the borrow area was located 
within Shallotte Inlet as the Federal Project was designed as an inlet relocation project.  Tom then 
described that the area east of the Federal Project has experienced high rates of erosion and therefore this 
project would serve to address this need. 
 
Robert Neal with CPENC then provided an overview of the proposed project alternatives.  These 
include: 
 

 Abandon/Retreat 
 No New Action 
 Beach Nourishment 
 Terminal Groin with Associated Beach Nourishment 

 
Robert explained that the abandon/retreat alternative would be evaluated in terms of practicality and 
cost to remove or relocate structures and infrastructure.  The No New Action alternative would entail 
evaluating the efficacy of the existing shoreline management activities in place along the Town’s 
oceanfront shoreline in terms of meeting the Town’s purpose and needs.  The existing management 
activities include sandbag protection, a local beach fill project, the Federal Project, etc.  The beach 
nourishment alternative would only include adding beach fill to the ocean front shoreline while the 
terminal groin alternative would include the construction of a terminal groin of a to-be-determined 
length and location along with beach fill which would form a “fillet”. 
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Doug recommended including an inlet relocation alternative as well despite the fact that the Federal 
Project was designed as one, yet it has not performed as intended.  Robert agreed and stated that it 
would indeed be included as a listed alternative with the understanding that this alternative would most 
likely not suit the Town’s purpose and needs considering it has been attempted and failed.  Tom 
reiterated the history of the relocated inlet and the rationale of why it failed and how high rates of 
erosion have continued along the eastern portion of the island.  Kathryn Mathews from USFWS asked 
where the material that gets placed during the Federal project goes as it erodes- to the east or to the west.  
Tom interjected that some of the material moves towards the inlet and actually helped develop the spit 
that exists there today.   John Ellis asked Tom why the Federal project did not include the eastern most 
portion of the island in its project.  Tom responded by stating that the economic benefit was not justified.  
For this project, however, the economic benefit is determined by the applicant.   Robert went on to show 
the PRT several conceptual designs of the terminal groin at a location east of Shallotte Blvd.  He 
emphasized that the precise location and length of the structure will be determined following Delft3D 
modeling which has the ability to measure the hydrology, waves, and morphology.  The Delft3D model 
will be used to analyze the efficacy of the beach fill alternatives including the alternative incorporating 
the terminal groin.  CPENC has deployed a series of tide gauges and ADCPs used to collect data that 
would be fed into Delft3D and used for calibration of the model.  CPENC is currently working to 
calibrate the model such that they can evaluate the proposed project alternatives.  Tom made a point in 
emphasizing that the model is not to be used as a prediction of future conditions; rather, it is used to 
indicate differences between existing conditions and the proposed project alternatives following the 
input of a set of conditions (waves, hydrology, and morphology) into the model.  Maria Dunn from 
North Carolina Wildlife Resources Commission asked if there was a certain percentage threshold for 
which the model would be deemed to be calibrated.  Tom responded that there is no set percentage of 
agreement; however, the modelers would accept the model as they feel comfortable with its output.   
 
Kathryn inquired about the history of some old groins that were installed along the inlet in the past.  
Tom mentioned that the series of groins were installed by Odell Williamson several decades ago.  The 
structures were built by driving wooden telephone poles into the sand but they contained large gaps and 
therefore did not retain any sand.  Therefore, they did not function as intended and were eventually 
removed.  Debbie Smith, mayor of Ocean Isle Beach, emphasized that the Town did not install them 
and that, rather, they were installed by a private citizen.   
 
Mike asked how the model will address sea level rise.  Robert mentioned that the project would have a 
30 year permit lifespan, so sea level rise would not play a large role in the modeling effort.  John asked 
if the USACE is looking into how sea level rise should be integrated into project formulation.  Emily 
responded that there is a committee looking into this now, however, she does not expect any action in the 
near future.  Tom added that even in the worst case predictions in sea level rise over the next 30 years or 
100 years would not influence the project.  Ana Zivanovic-Nenadovic with the Coastal Federation 
inquired how much weight the USACE would put on the modeling results when it comes to evaluating 
project alternatives.  Tom answered that modeling is the best tool that we have to understand the 
anticipated response to the various project alternatives.  Doug added to this and stated that the terminal 
groin legislation recognizes the dependence on models and, in response, incorporated the requirement of 
stringent post-construction monitoring efforts.   
 
Brad then provided an overview of the biological data that has been collected to date for the EIS.  This 
includes information regarding various habitat types as well as data on individual species, primarily 
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threatened and endangered species, located within the proposed project area.  After sharing the inventory 
of data collected thus far, Brad asked the PRT for any input on any additional biological data known to 
exist that would help bolster the EIS.  Anne Deaton from DMF mentioned that the UASCE may have 
conducted some sidescan sonar surveys for hardbottom off the Brunswick County Beaches.  John 
mentioned that CPENC should be cognizant of the various environmental windows regarding 
construction timing as the plan formulation progresses.  Doug interjected that along with biological 
resources, it would be important to attempt to quantify recreational resources and usage in the permit 
area.  Brad responded that CPENC plans to provide a qualitative method using aerial photos to count 
boats in the inlet area.  Anne added that information pertaining to larval and juvenile fish distribution 
within the area should be included in the EIS such the post-construction monitoring could be applied if 
needed.  In addition, Anne suggested that the Delft3D modeling could include a simulation of larval 
distribution and movement in relation with the groin.  Tom mentioned that the model could indeed be 
used, however, the model would not account for any behavior or movement by the larval in relation to 
salinity or where they reside in the water column.  Anne suggested that CPENC contact Dr. Lankford at 
UNCW for larval transport studies.  Fritz Rohde from NMFS indicated that there was a series of studies 
conducted in Georgetown, SC and perhaps this data could be used as well.  He also mentioned that an 
Essential Fish Habitat (EFH) document would be required for the project. 
 
Emily wrapped the meeting up and mentioned that the presentations from this meeting and meeting 
notes would be available on the website.  Mike Giles asked if the CPENC work plan was available on 
the USACE website and Emily confirmed that it should be.  The next PRT meeting would focus on the 
results from the Delft3D modeling and the resultant environmental consequences. 
 
The meeting adjourned at 3:30.  
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 1.0 INTRODUCTION 
 
Ocean Isle Beach is approximately 29,200 ft. long (5.5 miles) and is located along the coastline 
of Brunswick County, North Carolina (Figure 1-1).  The island is separated from Holden Beach 
on the northeast tip by Shallotte Inlet and from Sunset Beach on the southwest terminus by 
Tubbs Inlet. The island is comprised of approximately 3.4 square miles of land and 0.9 square 
miles of marsh or water (US Census, 2011, Wikipedia).   The only vehicular access to the island 
is along state road 904 (Causeway Drive), which connects at approximately mid-island. The 
Town was incorporated in 1950 and has approximately 500 permanent residents and nearly 
25,000 daily seasonal habitants (Insiderinfo, 2013). 
 
Prior to the construction of the Atlantic Intracoastal Waterway (AIWW) in the 1930’s, Ocean 
Isle Beach was separated from the mainland by tidal marshes interlaced with numerous tidal 
creeks. Material excavated during construction of the AIWW was placed in a series of upland 
disposal areas on the south side of the waterway; however, many of the pre-AIWW tidal creeks 
are still evident today. 
 
In 2001, the US Army Corps of Engineers (USACE) constructed a Federal storm damage 
reduction project that begins near Shallotte Boulevard and extends 17,100 feet west (Figure 3.1). 
The main fill of the project consists of three segments: 
 

Segment 1: A dune and berm section extending from baseline station 51+50 to baseline 
station 103+00.  The dune has a crest elevation of +8.5 feet NAVD which is fronted by a 
50-foot wide berm at elevation +6.0 feet NAVD. 

 
Segment 2: A 50-foot wide berm at elevation +6.0 feet NAVD extending from stations 
103+00 to 129+00. 

 
Segment 3:  A 25-foot wide berm at elevation +6.0 feet NAVD extending from stations 
129+00 to 153+00. 

 
A 4,200 foot transition section is provided on the east and a 2,900 foot transition on the 
west.  

 
The Town of Ocean Isle Beach is developing a plan to address erosion impacts along the eastern 
most 2,500 feet of shoreline on the island.  Approximately 2,000 feet of this shoreline is 
developed with single and multi-family homes. The remaining 500 feet lies east of the 
development on the east end of the island.  About 1,000 feet of the focus area, situated between 
baseline station 10+00 (Shallotte Boulevard) and baseline station 20+00, lies within the limits of 
the Federal storm damage reduction project. The Town is considering several different 
management alternatives to minimize potential damages that may occur as a result of future 
erosion. The alternatives will be reviewed by the Town and state and Federal agencies to assess 
potential adverse impacts that each alternative may create.  An engineering analysis evaluating 
each alternative is presented to support the findings of the environmental study and aid in the 
permitting process.  
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The management alternatives are evaluated based on how each one is estimated to perform 
towards the Town’s intended goals. These goals are (1) to reduce or mitigate erosion impacts 
along approximately 2,500 feet of the Ocean Isle Beach oceanfront shoreline beginning at a point 
approximately 1,500 feet east of Shallotte Boulevard and extending 1,000 feet west of Shallotte 
Boulevard, (2) to reduce periodic nourishment requirements of the Federal storm damage 
reduction project, (3) to maintain the Town’s tax base by reducing erosion damages to 
development and infrastructure located immediately behind the 2,500-foot ocean front shoreline, 
(4) to maintain existing recreational resources, and (5) to balance the needs of the human 
environment with the protection of existing natural resources.  Five management solutions for 
the east end of Ocean Isle Beach are presented in the analysis and include reactive and proactive 
responses. The five alternatives are as follows: 
 

 Alternative 1 – No Action (Continue Current Management Practices) 
 Alternative 2 – Abandon / Retreat  
 Alternative 3 – Beach Fill Only (Including Federal Project) 
 Alternative 4 – Shallotte Inlet Bar Channel Realignment with Beach Fill (Including 

the Federal Project) 
 Alternative 5 - Terminal Groin with Beach Fill (Including Federal Project)/ 

Applicant’s Preferred Alternative 

The 2013 shoreline location was used as the initial condition for the evaluation of how future 
erosion trends will respond to the management alternatives. While shoreline erosion on the east 
end of Ocean Isle Beach continues to reshape the island and impact some of the structures and 
infrastructure, the use of the 2013 shoreline condition provides a uniform base to measure the 
relative difference in potential impacts of various shoreline management approaches. 
 
2.0  PHYSICAL CHARACTERISTICS OF THE PROJECT AREA 
 
Physical aspects as well as the natural characteristics typical to the site are essential for 
understanding the coastal processes relevant to the study area. These items include the study 
location and limits, sediment characteristics of the beach, the profile depth of closure, typical 
wave patterns, and tidal current velocities impacting the site.   
 

2.1  Location and Layout 
 
The study area is approximately 2,500 feet in length located on the eastern tip of Ocean Isle 
Beach and is generally situated between USACE baseline stations having Profile ID’s of OI -5 to 
OI 20. Table 2.1 provides the control information for the USACE baseline within the study area 
and Figure 2.1 shows a plan view of the profile positions and alignments. Also shown on this 
figure are measured positions of the scarp line which will be discussed later. 
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Table 2.1. Baseline Control Data for the Study Area and Shallotte Inlet 

Profile ID Station (ft.) Easting (ft.) Northing (ft.) Monitoring 
Azimuth (◦) 

OI -5 -4+99 2,185,376.78 54,438.74 172.47 
OI 0 0+00 2,184,881.09 54,373.23 172.4 
OI 5 5+00 2,185,376.78 54,307.82 172.4 

OI 10 10+77 2,183,814.03 54,231.29 172.4 
OI 15 15+00 2,183,394.94 54,175.62 172.4 
OI 20 19+02 2,182,898.55 54,109.52 172.4 
(1) Coordinates reference North Carolina State Plane (Zone 3200) NAD83 
(2) Azimuths are measured clockwise from true north.  

 
Figure 2.1. Profile locations on east end Ocean Isle Beach used to measure changes in the position of the 
erosion scarp.  
 
Single and multi-family residential homes are located along the shorefront of the study area. 
Roadways and utilities are also present. Figure 2.1 shows the current development within the 
study area. Shallotte Boulevard is a landmark roadway positioned at approximately station 
10+00 on the USACE baseline.  The roadway extends across the width of the island and is 
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approximately 2,000 feet in length. East 2nd Street is the seaward-most road running in a west to 
east direction. Five (5) additional streets running parallel to East 2nd Street are positioned 
landward of East 2nd Street. The upland development is generally concentrated on East 2nd, 3rd, 
and 4th Streets. East 4th Street connects with Shallotte Boulevard approximately 500 feet from the 
beach face.  
 
Shallotte Inlet borders the study area on the east, separating Ocean Isle Beach from Holden 
Beach.  The inlet connects the Atlantic Ocean with the AIWW. The inlet serves as a navigational 
entrance into the AIWW and the nearby estuarine systems; however, there is no Federally 
authorized navigation channel through the ocean bar of the inlet.  Saucepan Creek and Shallotte 
River also connect to the AIWW in the vicinity of Shallotte Inlet. These two (2) water bodies 
receive tidal flows from Shallotte Inlet and storm runoff from upland sources.  

 
2.2  Tides 

 
Ocean tides for Ocean Isle Beach are semi-diurnal, with a spring-neap variation of 28 days.  
Oceanfront tidal datums are based on the NOAA tide gage and benchmark at Yaupon Pier on 
Oak Island.  This benchmark is the closest oceanfront tidal benchmark established by NOAA and 
is located approximately 18 miles from Ocean Isle Beach.  Tidal datums at Yaupon Pier appear 
in Table 2.2 below.  The mean tidal range at Yaupon Pier is approximately 4.7 feet (NOAA, 
2013). 
 
Table 2.2. Oceanfront Tidal Datums; Yaupon Pier, NC 
  ELEVATION 

TIDAL DATUM (feet (feet  (feet  
  MLLW) NGVD) NAVD) 
        
MEAN HIGHER HIGH WATER (MHHW)  5.26 3.27 2.16 
MEAN HIGH WATER (MHW)  4.89 2.90 1.79 
NORTH AMERICAN VERTICAL DATUM-1988 (NAVD)(1)  3.10 1.11 0.00 
MEAN TIDE LEVEL (MTL)  2.53 0.54 -0.57 
MEAN SEA LEVEL (MSL)  2.54 0.55 -0.56 
NATIONAL GEODETIC VERTICAL DATUM-1929 (NGVD) 1.99 0.00 -1.11 
MEAN LOW WATER (MLW)  0.16 -1.83 -2.94 
MEAN LOWER LOW WATER (MLLW)  0.00 -1.99 -3.10 
        

(1)Elevations in this document are referenced to NAVD. 
 
Additional water level measurements were collected May 25-July, 2005 by CPE-NC within 
Shallotte Inlet and the Atlantic Intracoastal Waterway (AIWW).  The locations of the two (2) 
tide gages appear in Figure 2.2.  Tidal ranges inside the AIWW range from 3.2 to 3.6 feet.  The 
tidal range in the throat of the inlet is approximately 3.7 feet.  Tides in the AIWW lag the 
Yaupon Pier tides by approximately 1 hour.  Tides in the throat of Shallotte Inlet lag the Oak 
Island tides by approximately 30 minutes.   
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Figure 2.2. Tide gage locations. 
 

2.3 Sea Level Rise 
 
Historical changes in relative mean sea level are available for various stations along the East 
Coast at the NOAA website, www.tidesandcurrents.noaa.com.  Reporting stations close to the 
Ocean Isle Beach study area that have been collecting data for at least 80 years include 
Wilmington, NC (collecting data since 1935) and Charleston, SC (collecting data since 1923). 
The trends in sea level rise for these two stations are 0.68 feet/century for Wilmington and 1.03 
feet/century for Charleston. 
 
While there is considerable debate regarding the future trends in sea level, the general consensus 
is sea level will continue to rise and possibly accelerate over the next century.  However, 
regardless of the total rise in sea level over the next 100 years, most projections indicate a 
gradual acceleration in the rate of rise which does not have a significant impact until 25 to 30 
years in the future.  With the planning period for the Ocean Isle project being 30 years, very little 
if any significant impact of changes in sea level are anticipated for any of the shoreline 
management alternatives evaluated. 

http://www.tidesandcurrents.noaa.com/
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Regardless of the future changes in sea level, the impacts of historic rates of rise in sea level are 
implicitly included in the historic shoreline change and volume change data used for developing 
management alternatives for Ocean Isle Beach.  By extrapolating data from long term sea level 
monitoring sites located in Wilmington, NC and Charleston, SC, the rate of rise in sea level 
applicable to the project area appears to be slightly less than one foot/century.  Even if the rate of 
sea level rise doubled over the next 30 years, the impact on future shoreline changes and/or 
volumetric change rates along Ocean Isle Beach would not double since only a portion of the 
historic changes are associated with sea level rise, i.e., doubling the rate of sea level rise would 
only double the sea level rise component inherent in the historic data.   
 
 2.4   Waves, Currents, and Wind 
 
Appendix C, appended to the end of this Engineering Report, provides details of the waves, 
currents, and winds used in the Delft3D numerical model simulations for the various shoreline 
and inlet management alternatives discussed below.   
 
 2.5  Storm Water Levels 
 
Storm water elevations from June 1994 for the Town of Ocean Isle Beach were made available 
by the Federal Emergency Management Agency (FEMA).  The frequency of the various storm 
water levels is expressed as a return interval in years.  For a 10 year return interval, which 
actually means the storm water level has a 10% chance of occurrence in any given year, the 
storm water level is +6.4 feet NAVD88. Likewise, the 100-year storm, which has an elevation of 
+11.7 feet NAVD88 has a 1% change of occurrence in any year.   
 
While storms play a significant role in shoreline behavior, the focus of the Ocean Isle Beach 
project is the prevention damages associated with shoreline erosion not storm induced damages 
that could be caused by inundation or wave impacts.  The alternatives under consideration that 
would increase the size of the beach fronting development on the east end of the island would 
provide some reduction in storm damages, however, the potential reduction in storm damages 
was not included in the formulation of the erosion response measures.   
   

2.6 Depth of Closure 
 
The depth of closure is defined as the “depth beyond which repetitive profile or topographic 
surveys (collected over several years) do not detect significant vertical sea bed changes. This is 
generally considered the seaward limit of littoral transport” (Morang and Szuwalski, 2003).  The 
depth of closure is typically estimated by comparing historic profiles and observing where a 
“pinch point” occurs, that is the point beyond which significant profile variations appear 
approach zero.   
 
Profiles of Ocean Isle Beach collected at baseline stations 20+00, 40+00, 70+00, and 100+00 
between March 2006 and August 2013 are shown in Figures 2.3, 2.4, 2.5, and 2.6, respectively. 
This comparison of the repetitive profile surveys covers a time period beginning about 5 years 
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after initial construction of the Federal project to allow for post-construction adjustments.  The 
point where the repetitive surveys appear to shown a decrease in vertical variability ("pinch 
point") is identified by the circle in the figures and appears to be approximately -18 feet NAVD.  
While vertical changes continue to be observed seaward of -18 feet NAVD, those changes are 
not significant in terms of total volumetric changes.   

 
Figure 2.3.  Comparison of profiles taken at station 20+00 between March 2006 and August 2013. 
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Figure 2.4.  Comparison of profiles taken at station 40+00 between March 2006 and August 2013. 

 
Figure 2.5.  Comparison of profiles taken at station 70+00 between March 2006 and August 2013. 
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Figure 2.6.  Comparison of profiles taken at station 100+00 between March 2006 and August 2013. 
 

2.7 Native Grain Size 
 
During preparation of the General Reevaluation Report for the Ocean Isle Beach project, 
completed in 1994, the USACE collected beach samples along three profiles within the Federal 
project area. Samples were collected from the dune out to a depth of -30 ft NGVD29. The state 
sediment standards dictate a specific number of samples along at least five profiles within the 
project area (15A NCAC 07H.0312)(1)(c and d). However, 15A NCAC 07H.0312 (1)(i) provides 
language that would allow special consideration of projects which were constructed prior to the 
adoption of the rules.   
 
In order to meet state requirements, CPE-NC obtained samples along four (4) additional profiles 
on the east end of Ocean Isle Beach.  On April 5, 2013, April 17, 2013 and January 23, 2014 
CPE-NC collected beach samples and nearshore sediment samples along four (4) profiles (0+00 
(OIB000), 10+00 (OIB010), 25+00 (OIB025), and 60+00 (OIB060)) (Figure 4). Along these 
profiles, samples were collected from the Dune, Toe of Dune, Midberm, Berm Crest, Mean High 
Water (MHW), Mean Tide Level (MTL), Mean Low Water (MLW), Trough, Bar Crest, and four 
(4) additional depths evenly spaced between the Bar Crest and -20 ft. NAVD. Sediment 
characteristic data obtained by the USACE along baseline station 40+00 were also used to 
determine composite beach characteristics. 
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Analyses of the samples collected from the existing beach by CPE-NC and the USACE indicate 
that sediment along the eastern end of Ocean Isle Beach has a mean grain size of 0.23mm. The 
percent by weight of fines (less than 0.0625 millimeters) for the sampled area is 1.34%. The 
percent by weight of granular (greater than or equal to 2 millimeters and <less than 4.76 
millimeters) and gravel (greater than or equal to 4.76 millimeters) for the sampled area is 0.43% 
and 0.40%, respectively. The wet Munsell Color value ranges from 4 to 7, with a typical value of 
5. The dry Munsell Color value ranges from 6 to 8, with a typical value of 7. These 
characteristics represent the existing beach, which is a composite of the characteristics of 
material that has been placed on the beach during past nourishment projects and native beach 
sediment.  
 

2.8  Borrow Area Grain Size 
 
Given the proposed borrow area is completely confined to the authorized dredge depth of a 
maintained sediment deposition basin within the inlet shoal system, compatibility as defined by 
the rule (15A NCAC 07H.0312), is primarily defined in Section (2) (e) and (3) (a).  Section (2) 
(e) allows an applicant to use previously collected data to establish sediment characteristics 
where both a pre-dredge and a post-dredge data set exist.  Section (3) (a) states that compatibility 
for sediment completely confined to the permitted dredge depth of a sediment deposition basins 
within the inlet shoal system is defined as having an average percentage by weight of fine-
grained (less than 0.0625 millimeters) sediment less than 10%.  As stated above, the composite 
fine-grained sediment within the footprint of the area dredged in 2001 based on the data from six 
(6) vibracores collected in 1998 (Appendix 9) is 1.3%.  The composite fine-grained sediment 
within the same footprint of the area dredged in 2001 based on data collected after the dredging 
event (Appendix 11) is 1.95%. The composite percent fine grained material for the existing 
beach sampled along the east end of Ocean Isle Beach is 1.34%.  Therefore, sediment confined 
to the footprint of the area dredged in 2001 in Shallotte Inlet is compatible in accordance with 
rule 15A NCAC 07H.0312.    
 
Sediments recovered within the vertical boundaries of the proposed borrow area were described 
by the USACE as having a tan and or gray color (USACE, 1997c; Catlin, 2009).  The wet 
Munsell Color values for sediment samples collected by CPE-NC in 2013 and 2014, range from 
5 (gray to olive gray) to 7 (light gray), with a typical value of 7 (light gray). The samples 
collected by CPE-NC in 2013 and 2014 represent the existing beach, which is a composite of the 
characteristics of material that has been placed on the beach during past nourishment projects 
and native beach sediment. 
 
Vibracore data obtained from the 2005 and 2009 vibracores recovered from within the proposed 
borrow area indicate a percent carbonate by weight of 15.5%.  The carbonate content of the 
existing beach ranges from 5% to 7% with a composite value of 6%.      
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3.0  PROBLEM IDENTIFICATION 
 
Shoreline impacts have been a prominent issue along the coastline of Ocean Isle Beach for 
multiple decades. The Town of Ocean Isle Beach has actively pursued a management alternative 
since at least 1989.  During this timeframe, the Town provided the necessary local support for a 
Federal study to implement an erosion control-hurricane wave protection project (presently 
referred to as a storm damage reduction project). Impacts from Hurricane Hugo (September 
1989) were the primary reasons the Town initiated its request for the study (USACE, 1997). The 
Town and USACE worked together to design an alternative to address most of the shoreline 
impacts on Ocean Isle Beach. The resulting storm damage reduction project was constructed 
along 17,100 feet (3.25 miles) of the island in 2001. Approximately 1,000 feet of the shoreline in 
the current study area lies within the limits of the Federal project. This 1,000-foot segment is a 
portion of the taper section that merges the main fill of the Federal project with the existing 
shoreline. The easternmost 1,500 feet of the current study area was not included in the Federal 
project as this section did not meet Federal cost/benefit requirements primarily due to the 
predicted excessive cost of beach nourishment needed to maintain a fill in this area. The limits of 
the Federal storm damage reduction project extend from USACE station 10+00 west to station 
181+00 (USACE, 2002), or from Shallotte Boulevard to approximately Dunside Dr., 
respectively (Figure 3.1). 

 
Figure 3.1. Federal Project Limits 
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Approximately 1,866,000 cubic yards of material were dredged from Shallotte Inlet and placed 
along Ocean Isle Beach for the initial restoration (USACE, 2002). Periodic nourishment events 
were completed in January 2007 and May 2010. Approximately 449,400 cubic yards were placed 
during the 2007 nourishment event between baseline stations 10+00 and 72+00 (CPENC, 2012). 
The 2007 nourishment operation also included a non-Federal component, funded entirely by the 
Town of Ocean Isle Beach, which placed 155,000 cubic yards between baseline stations -3+00 
and 17+00. Roughly 30,000 cubic yards of 155,000 cubic yards was placed within the limits of 
the Federal project between stations 10+00 and 17+00.  The 2010 nourishment operation placed 
550,000 cubic yards between baseline stations 10+00 and 120+00 (USACE, 2013). 
 
Periodic nourishment of the Ocean Isle Beach storm damage reduction project is scheduled for 
the early part of 2014.  The USACE awarded a contract to place 640,000 cubic yards within the 
limits of the Federal project for a contract cost of around $7.1 million.  Including the upcoming 
2014 nourishment operation, the average amount of fill placed on Ocean Isle Beach to maintain 
the Federal project has been around 408,000 cubic yards every three years.   
 
The locally funded beach fill component included in the 2007 nourishment event experienced 
extremely high rates of loss. Based on this poor performance, the Town of Ocean Isle Beach 
opted not to include a non-Federal fill component on the extreme east end during the 2010 
nourishment event (Town source) nor is one included in the scheduled 2014 nourishment event.  
 
Additional measures implemented by the Town to manage the erosion includes placement of 
sandbags along 1,400 feet of shoreline beginning at the eastern limits of the upland development 
(CPE-NC, 2012). The sandbags have been repaired and replaced since the original installation 
and now extends approximately 1,800 feet to Charlotte Street.  NC DOT has also installed sand 
bags in an attempt to manage the erosion impacts. Sand bags were installed along 1st and 2nd 
Streets in 2009 when erosion undermined the roadways (CPE-NC, 2012).  The USACE has also 
placed additional material from navigation dredging of the AIWW along the study area. An 
estimated 350,000 cubic yards have been placed along the developed shoreline outside the limits 
of the Federal project between 2001 and 2012 (CPE-NC, 2012).  
 

3.1  Shoreline Change Analysis 
 
Shoreline changes along the east end of Ocean Isle Beach were evaluated using LiDAR (Light 
Detection and Ranging) data.  LiDAR is an optical remote sensing technology that can measure 
the distance to a target by the use of light.  Eight (8) sets of LiDAR data were obtained from the 
USGS for Ocean Isle Beach. Five (5) sets of the data obtained were collected between 1997 and 
2000, prior to the initial construction of the Federal project.  The remaining three (3) sets were 
collected in 2004, 2005, and 2010 after the Federal project commenced.   
 
Traditional shoreline change analyses are aimed at tracking the movement of the mean high 
water (MHW) line.  However, for the east end of Ocean Isle Beach, changes in the position of 
the MHW line do not adequately define the erosion problem.  This is due to the Federal erosion 
control project and additional navigation maintenance events that placed material within the 
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current study area. The installation of temporary sandbag revetments also contributes to issues 
with measuring changes in the MHW location.  These activities distort the natural movement of 
the MHW line and prevent an accurate measurement of the migration rates.   
 
An alternate indicator of the erosion threat along the study area is the position and movement of 
the erosion scarp (Figure 3.2). The movement of the erosion scarp is impacted to a lesser degree 
by sand placement and to some extent by the installation of sandbag revetments. The position of 
the scarp line also provides a more reasonable indicator as to when a structure is likely to 
experience erosion damage. In this regard, once the erosion scarp moves past the front of a 
building, that building would be situated on the active beach foreshore and would be subject to 
continuous wave and tide action.  During storm events, when the water level is elevated and 
wave action is more severe, these exposed structures become increasingly more vulnerable and 
are likely to fail.   
 
Figure 3.3 shows the position of the erosion scarp from the analysis of the LiDAR data. Table 
3.1 provides the cumulative movement of the scarp line between September 1997 and May 2010 
in the current study area. A plot of the cumulative movement of the scarp line at each profile is 
shown in Figure 3.4. Note that due to the Federal storm damage reduction project there was no 
landward scarp movement west of station 20+00.   
 
The 2004 scarp line essentially follows the alignment of the sandbag revetment existing at that 
time (Figure 3.3).  This revetment held the erosion scarp line in place for several years until it 
failed sometime prior to October 2005. Once the sandbags failed, the scarp line migrated rapidly 
landward, essentially occupying the position it would have assumed had the sandbags not been 
present. The relative rapid movement of the scarp line following the failure of the sandbag 
revetment is apparent in the cumulative plot shown on Figure 3.4.  Such shoreline/scarp behavior 
is typical of sandbag failures.  
 
The scarp line at station -5+00 also made a dramatic landward shift between October 1999 and 
August 2000.  Since August 2000, the landward movement of the scarp line has moderated 
primarily due to the development of the sand spit off the east end of Ocean Isle Beach following 
the initial construction of the Federal storm damage reduction project in 2001.  As discussed 
later, the excavation of material from the Shallotte Inlet borrow area during initial construction 
of the Federal project altered flow patterns in the inlet, briefly focusing more of the flow through 
the center of the inlet.  The change in the flow pattern contributed to the elongation of the sand 
spit into Shallotte Inlet. 
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Figure 3.2. Example of erosion scarp on east end of Ocean Isle Beach. 

 
Figure 3.3.  Scarp Line Position (1997 – 2010) 

Erosion Scarp  
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Table 3.1. Cumulative movement of the Scarp Line since September 1997 

Profile 
ID 

Sep 97 Sep 98 Sep 99 Oct 99 Aug 00 Jul 04 Oct 05 May 10 

-5 0 12.6 6.0 7.1 -130.4 -152.2 -149.6 -196.8 
0 0 41.6 22.4 31.0 -39.1 -12.2 -100.1 -129.7 
5 0 33.6 9.9 6.6 -13.2 -19.2 -143.0 -128.1 
10 0 12.8 -21.6 -13.6 -14.1 7.4 -26.7 -118.9 
15 0 -17.3 -41.0 -15.6 -28.4 -17.7 -51.6 -75.5 
20 0 -5.6 -40.2 -23.2 -13.1 -15.1 -0.2 -51.9 

 

 
 

 
Figure 3.4. Cumulative movement of scarp line since Sept 1997 (negative movement is landward). 
 
The decreasing trend in the recession of the scarp line moving west away from Shallotte Inlet 
provides additional evidence of the negative shoreline impacts Shallotte Inlet is having on the 
east end of Ocean Isle Beach.  Some of the decrease in scarp recession west of profile 10 can be 
attributed to nourishment of the Federal storm damage reduction project.  However, with very 
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little material placed directly on the shoreline near profile 10, the impact of the Federal project is 
more indirect in this area and is associated with horizontal spreading of the fill material toward 
the east.  
 
 3.2  Volumetric Change Analysis 
 
A volumetric change analysis is presented to provide additional details regarding the magnitude 
of erosion occurring within the current study area. As part of the monitoring protocol for the 
Federal beach fill project, the USACE has obtained 15 sets of beach profile data since 2001. The 
coverage varies from those areas where fill was placed during initial construction or subsequent 
nourishment events to nearly the entire length of Ocean Isle Beach.  The profile survey data 
collected by the USACE was used to compute volume changes along the eastern half of Ocean 
Isle Beach out to a depth of -18 feet NAVD. The computations were conducted for three post-
nourishment periods, namely; December 2001 to March 2006, April 2007 to April 2010, and 
May 2010 to August 2013.  The April 2010 survey ended at station 120+00, therefore, volume 
change computations for all three periods end at station 120+00.  Also, the April 2010 survey did 
not include the area east of profile 10.  However, an April 2009 survey did include this area and 
volume changes, in terms of cubic yards/linear foot, measured between April 2007 and April 
2009 were assumed to be applicable to the April 2007 to April 2010 time period.  
 
A graph of the computed volume change for the December 2001 to March 2006 time period, 
expressed in cubic yards/lineal foot of beach/year (cy/lf/yr), is shown in Figure 3.5.  Similar 
graphs for the April 2007 to April 2010 time period and May 2010 to August 2013 time period 
are provided in Figures 3.6 and 3.7, respectively.  The average annual rate of volume change 
within the approximate 1,000 foot shoreline segments for all three time periods is provided in 
Table 3.2.  Also shown in Table 3.2 is the average rate of volume change that occurred following 
the three nourishment events.     
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Figure 3.5. Volume Change East End Ocean Isle Beach - Dec 2001 to Mar 2006  

 
Figure 3.6. Volume Change East End Ocean Isle Beach - Apr 2007 to Apr 2010 
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Figure 3.7. Volume change East End Ocean Isle Beach – May 2010 to Aug 2013 

Table 3.2.  Volume change rates on Ocean Isle Beach for three post-nourishment periods  
From Profile 

to Profile 
Volume Change Rate (cy/yr) 

Dec 2001 to Mar 
2006 

Apr 2007 to Apr 
2010 

May 2010 to Aug 
2013 

Average for all 
three episodes  

0 to 10(1) -30,000 -29,000 -42,000 -34,000 
10 to 20 -22,000 -19,000 -34,000 -25,000 
20 to 30 -20,000 -40,000 -38,000 -33,000 
30 to 40 -15,000 -42,000 -19,000 -25,000 
40 to 50 -10,000 -38,000 -16,000 -21,000 
50 to 60 -6,000 -21,000 -13,000 -13,000 
60 to 70 -6,000 -15,000 -4,000 -8,000 
70 to 80 -8,000 -7,000 2,000 -4,000 
80 to 90 -6,000 -3,000 2,000 -2,000 
90 to 100 -2,000 -8,000 2,000 -3,000 
100 to 110 -3,000 -7,000 3,000 -2,000 
110 to 120 -1,000 -3,000 4,000 0 

Total 0 to 120 -129,000 -236,000 -153,000 -170,000 
(1) The shoreline from profile 0 to profile 10 lies outside the limits of the authorized Federal project. 
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The volume changes calculated indicate high rates of loss from the eastern limits of the study 
area to around profile 50, which is located near Raleigh Street.  Volume losses gradually 
decrease west of profile 50. The increase in volume loss from the island in a west to east 
direction is a clear indication of the influence Shallotte Inlet has on the stability of the beach.  
 
Between stations 10+00 and 120+00, which are within the limits of the Federal storm damage 
reduction project, the volumetric loss following each periodic nourishment operation has 
averaged 136,000 cubic yards/year. This would indicate the three year nourishment requirement 
for the Federal project between stations 10+00 and 120+00 would be about 408,000 cubic yards.  
As discussed above, the 2007 nourishment operation placed 449,700 cubic yards within the 
limits of the Federal project and the locally funded fill placed 30,000 cubic yards for a total of 
479,700 cubic yards.  The 2010 operation placed a total of 550,000 cubic yards.  The most recent 
nourishment operation, completed in April 2014, placed 640,000 cubic yards. The average 
nourishment volume for these three events would be around 560,000 cubic yards per operation.  
However, due to funding and contractual issues, periodic nourishment has actually occurred 
about once every 4 years inferring a nourishment volume of 130,000 cubic yards/year.  The 
measured volume change rates notwithstanding, an average of 408,000 cubic yards every three 
years was adopted as the required nourishment volume needed to maintain the Federal project 
under existing conditions.  Note the nourishment volume does not extend to the west limits of the 
Federal project which lies at station 181+00.  Based on the USACE beach profile monitoring 
program, the Federal project has performed exceptionally well west of station 120+00 and should 
not require periodic nourishment at any time in the near future.  
 

3.3 Littoral Sediment Budget 
 
A sediment budget was developed for existing conditions in the project area using measured 
volume changes in Shallotte Inlet and along the adjacent beaches for the time period between 
April 2007 and April 2010.  The purpose of the sediment budget was to identify existing rates of 
sediment transport along the west end of Holden Beach and along the Ocean Isle Beach shoreline 
west to station 120+00 and to demonstrate the interrelationship between various sections of the 
project area.  Details of how the sediment budget was developed follow. 
 
Sediment Budget Methodology. The annual rates of volume change within the Shallotte Inlet 
complex were determined from hydrographic surveys taken by the USACE in 2007 and 2009.  
Annual rates of volume change along the adjacent shorelines of Ocean Isle Beach and Holden 
Beach were computed using April 2007 and April 2010 beach profile surveys.  Boxes used to 
compute volume changes in various sections of the Shallotte Inlet complex are shown in Figure 
3.8. 
 
The West Delta box on Ocean Isle Beach extends from baseline station 0+00 to the west 
boundary of the Shallotte Inlet borrow area while the East Delta box on Holden Beach extends 
from the east boundary of the borrow area to Holden Beach baseline station 385+00 (HB 385).  
Computed annual rates of volume change in each of the boxes for the 2007 to 2009 time period 
are given in Table 3.3. 
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Table 3.3. Annual rates of volume change in the Shallotte Inlet complex measured between 
2007 and 2009. 

Volume Change Box Volume Change (cy/yr) 
West Delta 44,000 
East Delta -33,000 

Borrow Area 251,000 
West Channel 2,000 
East Channel 5,000 

Total 269,000 
 
The Ocean Isle Beach shoreline from baseline stations 0+00 to 120+00 was divided into four 
cells, namely; 0+00 to 30+00, 30+00 to 60+00, 60+00 to 90+00, and 90+00 to 120+00.  The 
shoreline on Holden Beach consists of only one cell extending from baseline stations 385+00 
east to 344+00.  The area included in the sediment budget is shown on Figure 3.9. 
 

 
Figure 3.8. Boxes used to compute sediment volumes in the Shallotte Inlet complex. 
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Figure 3.9. Sediment Budget Area. 
 
The volume changes within each cell for the 2007-2010 time period on Ocean Isle Beach were 
computed using USACE profile survey out to the -18-foot NAVD contour.  The measured 
volume changes, expressed as average annual rates of change (cy/yr), are provided in Table 3.4. 
 
Table 3.4. Measured volume changes along Ocean Isle Beach and Holden Beach between 
2007 and 2010. 

Shoreline Cell Annual Rate of Volume Change (cy/yr) 
120+00 to 90+00 – Ocean Isle -18,000 
90+00 to 60+00 – Ocean Isle -25,000 
60+00 to 30+00 – Ocean Isle -101,000 
30+00 to 0+00 – Ocean Isle -88,000 

385+00 to 344+00 – Holden Beach -44,000 
 
Longshore sediment transport rates (LST) to the east and west at the boundaries of each cell on 
Ocean Isle Beach and Holden Beach were interpolated from the results of the Delft3D model run 
for Alternative 1 which represents the existing conditions in the project area.  The results of the 
Delft3D model simulations for all the alternatives are discussed later.  The model transport rates 
at each cell boundary are given in Table 3.5.  
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Table 3.5. Model generated longshore transport rates for Alternative 1. 
Cell Boundary (BL station) Delft3D model LST rates (cy/yr) for Run 43A 

LST to West LST to East 
344+00 (Holden Beach) 73,000 90,000 
385+00 (Holden Beach) 47,000 68,000 
0+00 (Ocean Isle Beach) 67,000 134,000 
30+00 (Ocean Isle Beach) 46,000 118,000 
60+00 (Ocean Isle Beach) 45,000 96,000 
90+00 (Ocean Isle Beach) 69,000 103,000 
120+00 (Ocean Isle Beach) 83,000 105,000 

   
The model LST rates were interpreted as representing relative orders of magnitude of the 
transport rates rather than absolute rates.  The relative LST rate from one cell to the other was 
computed by dividing the model transport rates by the LST to the east at station 0+00.  This 
resulted in the relative transport rates at each cell given in Table 3.6 with the LST to the east at 
0+00 equal to 1.0QE. 
 
Table 3.6. Relative LST rates at cell boundaries with the LST rate to the east at 0+00 
designated as 1.0QE. 
Cell Boundary (BL station) Delft3D model LST rates (cy/yr) for Run 43A 

LST to West LST to East 
344+00 (Holden Beach) 0.5QE 0.7QE 
385+00 (Holden Beach) 0.4QE BPE 
0+00 (Ocean Isle Beach) BPW 1.0QE 
30+00 (Ocean Isle Beach) 0.3QE 0.9QE 
60+00 (Ocean Isle Beach) 0.3QE 0.7QE 
90+00 (Ocean Isle Beach) 0.5QE 0.8QE 
120+00 (Ocean Isle Beach) 0.6QE 0.8QE 

 
Note that the sediment transport past Shallotte Inlet to the east and west are not represented by 
relative transport rates.  Rather, these sediment bypassing rates are assumed to be unknown and 
are determined by solving a set of three equations and three unknowns based on sediment budget 
equations for the cells on the west end of Holden Beach, the Shallotte Inlet cells, and the cell 
between stations 0+00 and 30+00 on Ocean Isle Beach.  The three unknowns in the equations are 
QE, BPE, and BPW. A schematic of the sediment budget for 2007 to 2010 showing the relative 
LST rates and the measured annual rate of volume change within each cell is shown in Figure 
3.10. 
 
Sediment Budget Results. Three equations involving the three unknowns (QE, BPE, & BPW) 
were developed using the Shallotte Inlet cell, the cell on the east end of Ocean Isle Beach (0+00 
to 30+00), and the cell on the west end of Holden Beach. The three equations follow: 
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Sediment Budget Equations 

Shallotte Inlet 
QE – BPW – BPE + .04QE = 269 

Rearranging results in: 
1.4QE – BPW – BPE = 269 

 
East End Ocean Isle Beach (0+00 to 30+00) 

0.9QE – QE + BPW -.03QE = -88 
Rearranging results in: 

BPW = 0.4QE – 88 
 

West End Holden Beach 
0.5QE – 0.7QE + BPE – 0.4QE = -44 

Rearranging results in: 
BPE = 0.6QE – 44 

 
(Note: Volumes are in 1,000’s cy/yr.) 

 
The equations for BPW and BPE as functions of QE were inserted into the equation for Shallotte 
Inlet resulting in one equation with one unknown (QE) as shown below: 
 

1.4QE – (0.4QE – 88) – (0.6QE – 44) = 269 
Combining and solving for QE results in the following value for QE: 

QE = 343 (343,000 cy/yr.) 
 
Given QE equal to 343, the values for BPE and BPW were computed with the following results: 

BPE = 162 (162,000 cy/yr.) 
BPW = 49 (49,000 cy/yr) 

 
The final sediment budget for 2007 to 2010 is shown on Figure 3.11. 
 
Based on the final sediment budget for 2007 to 2010, the gross rate of sediment transport moving 
toward Shallotte Inlet (west transport off the west end of Holden Beach plus the east transport off 
the east end of Ocean Isle Beach) is equal to 480,000 cubic yards/year. 
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Schematic Sediment Budget with Relative LST Rates

Volumes in 1000's cy/yr

West End Holden

120+00 to 90+00 90+00 to 60+00 60+00 to 30+00 30+00 to 0+00 Shallotte Inlet 385+00 to 344+00

transport relative to QE computed rate at 0+00 0.6QE 0.5QE 0.3QE 0.3QE BPW 0.4QE 0.5QE

measured rates for 2007-2009 -18 -25 -101 -88 269 -44

transport relative to QE computed rate at 0+00 0.8QE 0.8QE 0.7QE 0.9QE 1.0QE BPE 0.7QE

Ocean Isle

April 2007 to April 2010

 
Figure 3.10.  Sediment budget schematic for 2007 to 2010 with relative LST rates. 
 
 

April 2007 to April 2010

Sediment Budget
Volumes in 1000's cy/yr

West End Holden

120+00 to 90+00 90+00 to 60+00 60+00 to 30+00 30+00 to 0+00 Shallotte Inlet 385+00 to 344+00

Adjusted LST rates 209 180 113 103 49 137 172

-18 -25 -101 -88 269 -44

Adjusted LST rates 271 260 217 309 343 162 240

Ocean Isle

 
Figure 3.11. Final Sediment Budget for 2007-2010.  
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4.0  MANAGEMENT ALTERNATIVES 
 
Five (5) erosion response alternatives were evaluated as means to address the erosion impacts 
currently taking place on the eastern end of Ocean Isle Beach. Each erosion response alternative 
was evaluated in terms of the economic resources required to uphold the management option and 
the anticipated damages expected.  The design lifespan of each erosion response alternative was 
assumed to be 30 years to provide the Town a reasonable and consistent outlook on anticipated 
costs and construction schedules.  The five (5) erosion response alternatives evaluated are as 
follows:  
 

 Alternative 1 – No Action (Continue Current Management Practices) 
 Alternative 2 – Abandon / Retreat  
 Alternative 3 – Beach Fill Only (Including Federal Project) 
 Alternative 4 – Shallotte Inlet Bar Channel Realignment with Beach Fill 
 Alternative 5 - Terminal Groin with Beach Fill (Including Federal Project)/ 

Applicant’s Preferred Alternative 

The potential impacts of the various alternatives on Shallotte Inlet (and its environs), Holden 
Beach, and Ocean Isle Beach were evaluated with the Delft3D numerical model.  A detailed 
discussion of the modeling effort is provided at the end of this engineering report as Sub 
Appendix A.    

 
4.1 Alternative 1 – No Action (Continue Current Management Practices) 

 
Introduction.  Under Alternative 1, the Town of Ocean Isle Beach and individual property 
owners on the extreme east end of Ocean Isle Beach would continue to respond to erosion threats 
in the same manner as in the past.  These measures include possible intermittent beach 
nourishment, the deployment of sandbags, and possibly occasional beach scraping. The NCDOT 
has also installed sandbags and conducted road repairs to maintain infrastructure within the 
project area.  The Town of Ocean Isle Beach would also continue to participate in the Federal 
storm damage reduction project, however, the Federal project has very little impact on reducing 
erosion rates on the extreme east end of the island. 
 
The evaluation of potential impacts for Alternative 1 was based on the continued movement of 
the erosion scarp line over the next 30 years at rates measured at each profile station during the 
period from September 1999 to May 2010.  The average rates of movement of the scarp line 
during this period, which are presented in Table 4.1, appeared to provide a reasonable 
representation of recent changes on the east end of Ocean Isle Beach. 
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Table 4.1.  Scarp Line Annual Migration Rates - Sept 1999 to May 2010 

USACE 
Baseline 

Station ID 

Migration 
Azimuth (◦) 

Annual Change in 
Scarp Line (ft./yr) 

-5 150.0 -19.1 
0 172.4 -14.3 
5 172.4 -13.0 
10 172.4 -9.2 
15 172.4 -3.2 
20 172.4 -1.1 

Average  -10.0 
 
Potential impacts to development and infrastructure on the east end of Ocean Isle Beach under 
Alternative 1 were based on the shoreline change scenario described below.  

 
Shoreline Change Scenario – Alternative 1 

 
Initial Year 2015 – The 1,800-foot sandbag revetment extending from just west of 
Shallotte Boulevard to the last house on the east was assumed fail with the shoreline 
eventually assuming a position it would have occupied in 2015 had there not been a 
revetment. A new 1,800 foot long sandbag revetment would be installed along the 2015 
escarpment line.  
 
Homes and parcels overtaken by the 2015 scarp line would either be demolished or 
moved to a new location on Ocean Isle Beach. In this regard, since 2001, a total of four 
(4) homes have been demolished and two (2) have been relocated. Therefore, damage 
estimates are based on the assumption that two-thirds (2/3) of the impacted structures will 
be demolished and one-third (1/3) will be relocated.   

 
Year 2020 – The 1,800-foot sandbag revetment installed in 2015 is assumed to fail 
allowing the scarp to move landward at each profile station to a position it would have 
occupied in the absence of the sandbag revetment.  A new sandbag revetment would be 
constructed along the 2020 scarp line to protect the upland development. 
 
Homes and parcels overtaken by the 2020 scarp line would either be demolished or 
moved to a new location on Ocean Isle Beach in the same 2/3 to 1/3 ratio as described 
above.  

 
Year 2025 – The sandbag revetment installed in 2020 would fail and the shoreline would 
jump to the 2025 position it would have occupied in the absence of the sandbag.  The 
2025 scarp position was determined by multiplying the scarp movement rates for each 
profile given in Table 4.1 by 5 years.  Demolition or relocation of affected homes would 
occur in the same ratio, i.e., 2/3 would be demolished and 1/3 relocated. 
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Years 2030 to 2045 – The same sequence of events as described above for the Year 2025 
would continue in 5-year increments to the end of the 30-year analysis period (Year 
2045).  That is, new sandbag revetments would be installed along the shoreline every 5 
years.  After each sandbag revetment fails, the shoreline would move to the next 5-year 
shoreline position.   

 
The projected future positions of the scarp line under Alternative 1, which were used as a basis 
for estimating potential future damages, are shown in Figure 4.1.  Homes were assumed to be 
impacted once the erosion scarp reaches the front of the structure.  Homes assumed to be 
relocated to another lot on Ocean Isle Beach would retain their assessed value. Parcels impacted 
were assumed to maintain their value until one-half of the parcels is lost at which time its value 
was assumed to decrease to zero.   
 

 
Figure 4.1.  Future Scarp Line Positions under Alternative 1 - Current Management Practices  
 
A summary of potential future damages for Alternative 1 on the east end of Ocean Isle Beach is 
provided in Table 4.2. 
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Table 4.2.  Economic Impact – Alternative 1 – Continue Current Management Practices 

Item Time Periods Cumulative 
2015 to 2045 2015 to 

2020 
2020 to 

2025 
2025 to 

2030 
2030 to 

2035 
2035 to 

2040 
2040 to 

2045 
# Parcels affected 77 37 35 31 31 27 238 

Acres lost 2.77 1.40 1.34 1.31 1.28 0.95 9.05 
Value lost parcels $2,529,000  $2,099,000  $1,998,000  $4,044,000  $5,642,000  $5,081,000  $21,393,000  

Structures impacted(1) 23 8 5 4 1 4 45 
Demolition costs $409,900 $127,100 $81,500 $96,400 $41,900 $66,400 $823,200 
Relocation costs $954,200  $438,300  $324,400  $178,200  $0  $460,500  $2,355,600  

Value lost structures $1,785,600  $467,600  $321,400  $115,000  $91,600  $104,800  $2,886,000  
Length roads lost (ft.) 380 200 360 470 540 437 2,387  

Value lost roads $217,000  $114,000  $205,000  $268,000  $308,000  $249,000  $1,361,000  
Utilities lost        

Sewer $57,000 $30,000 $54,000 $71,000 $81,000 $66,000 $359,000 
Water $21,000 $11,000 $20,000 $26,000 $30,000 $24,000 $132,000 

Pump Station $0 $0 $200,000 $0 $0 $0 $200,000 
Electric & Telephone $38,000  $20,000  $36,000  $47,000  $54,000  $44,000  $239,000  
Temporary sandbags $900,000  $900,000  $900,000  $900,000  $900,000  $900,000  $5,400,000  

Total Damages $6,911,700  $4,207,000  $3,940,300  $5,745,600  $7,148,500  $6,535,200  $35,148,800  
(1) Building assumed impacted once scarp line intercepts the structure’s footprint. 
(2) Building values were distributed evenly for parcels with multiple buildings. 
(3) Parcel value is lost when scarp reaches mid-way point of parcel.  

Equivalent Annual Cost of Damages and Erosion Response Measures – Alternative 1. In 
order to put the cost and damages associated with all of the alternatives on an equal economic 
basis, all future damages and response costs for the alternatives were converted to average 
annual equivalent costs using compound interest methods with a discount rate of 4.125% 
amortized over the 30-year analysis period.  The equivalent average annual costs of the 
economic impacts of Alternative 1 given in Table 4.2 are provided as average annual equivalents 
in Table 4.3. 
 
Table 4.3. Average annual equivalent damages and erosion response cost – Alternative 1 

Damage/Response Category Equivalent Annual Cost 
Value of lost parcels $583,000 
Demolition Cost $32,000 
Relocation Cost $86,000 
Value of lost structure $121,000 
Damage to utilities & roads $61,000 
Sandbag revetments $166,000 
Total Annual Damages/Response Cost $1,048,000 

 
30-Year Cost – Alternative 1. Under Alternative 1, a total of 45 houses would be impacted by 
erosion trends within the next 30 years.  The economic impact of the damage was calculated at 
approximately $3.18 million for the cost of relocating or demolishing threatened structures, 
$2.89 million for the value of structures that would be demolished, and $21.39 million for the 
loss of approximately 238 parcels.  In addition, damages to roads and utilities would total $2.09 
million with the cost of installing temporary sandbag revetments equal to $5.40 million. The 
damages and erosion response costs over the next 30 years total approximately $35.15 million.  
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Approximately 32% of the total damages would occur within the first ten years of the 30-year 
planning period. 
 
The Town of Ocean Isle Beach will continue to participate in the Federal storm damage 
reduction project under Alternative 1.  Assuming each three-year periodic nourishment operation 
will provide 408,000 cubic yards of material, the cost for future periodic nourishment would be 
around $6,644,000.  Based on the existing Project Cooperation Agreement with the Federal 
Government, the Federal share of the cost for each periodic nourishment operation would be 
65% or $4,320,000 with the non-Federal share equal to $2,324,000 or 35%.  Over the 30-year 
planning period, the total cost for periodic nourishment of the Federal project would be $66.44 
million with the Federal government share equal to $43.19 million and the non-Federal share 
equal to $23.25 million. 
 
Thus, the total economic cost for Alternative 1 over the 30-year planning period, including the 
cost for periodic nourishment of the Federal storm damage reduction project, is $101.49 million.  
 
Note the cost for maintaining the Federal storm damage reduction project is included in the total 
economic impact of Alternative 1 since some of the other management alternatives have an 
impact on the amount of nourishment needed for both the east end of the island and the Federal 
project. 
 
Delft3D Model Results – Alternative 1.  Simulated changes in Shallotte Inlet and the adjacent 
shorelines obtained from the Delft3D model over a three-year simulation period for Alternative 1 
are provided in Figures 4.2a to 4.2d.   
 
Under Alternative 1, the seaward portions of the Shallotte Inlet ocean bar channel evolved 
toward a southwesterly orientation which resulted in the accumulation of sediment in the 
offshore areas off the east end of Ocean Isle Beach.  The southwesterly channel orientation 
appeared to be due to the simulated removal of material from the Shallotte Inlet borrow area as 
depicted in Figure 4.2a.  In general, the areas seaward of the -6-foot NAVD contour accreted 
while the area landward of this contour eroded.  The model also indicated the extreme eastern tip 
of the Ocean Isle sand spit would experience some erosion.   
 
Erosion and deposition patterns indicated by the Delft3D model at the end of the three-year 
simulation are shown in Figure 4.3.  Red areas indicate erosion and green accretion. The build-up 
of material off the east end of Ocean Isle Beach is clearly evident as is some minor erosion of the 
ebb tide delta situated off the west end of Holden Beach. 
 
The model also indicated the extreme eastern tip of the Ocean Isle Beach sand spit could 
experience some erosion while the western tip of Holden Beach would continue to gain material.  
The interior of the inlet, in particular the portion of the AIWW leading to the mouth of the 
Shallotte River eroded in the middle of the channel while the north and south sides of the 
channel accumulated sediment.  The model did not indicate any significant changes west of the 
intersection of the inlet with the AIWW. 
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Over the three year simulation for Alternative 1, the Delft3D model indicated an average 
sedimentation rate of 210,000 cubic yards/year in the Shallotte Inlet sediment trap represented by 
the box shown in Figure 3.8, while the measured rate between April 2007 and April 2009 was 
251,000 cubic yards/year.  Therefore, the model sediment retention in the sediment trap was 
about 80% of the measured rate of retention.  The model also replicated sediment losses from the 
east delta lying off the west end of Holden Beach with the model rate equal to -30,000 cubic 
yards/year and the measured rate equal to -33,000 cubic yards/year.  However, with the bar 
channel maintaining a southwesterly orientation during the entire 3-year simulation, the model 
volume changes off the east end of Ocean Isle Beach were considerably higher than the rate 
measured between April 2007 and April 2009.  For the interior portions of the model represented 
by the Eastern and Western Channels in Figure 3.8, both the measured and modeled volume 
changes indicated relatively small amounts of accretion.     
 
 

 
Figure 4.2a. Alternative 1 – Year 0. 
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Figure 4.2b. Alternative 1 – Year 1. 
 

 
Figure 4.2c. Alternative 1 – Year 2. 
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Figure 4.2d. Alternative 1 – Year 3. 
 

 
Figure 4.3. Alternative 1 – Three-year erosion and deposition patterns. 
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4.2 Alternative 2 – Abandon / Retreat 

 
Introduction.  For Alternative 2, no new actions would be taken by the Town or property 
owners to slow the rate of shoreline retreat on the east end of Ocean Isle once the existing 1,800-
foot sandbag revetment fails.  The Town would continue to participate in the Federal storm 
damage reduction project which, as stated previously, has very little impact on reducing erosion 
rates on the east end of the island. Under this scenario, potential damages would begin in the 
Year 2015 and would continue uniformly until the Year 2045.  Future damages are based on the 
scarp migration rates provided in Table 4.1 with damages to homes and parcels determined on a 
yearly basis rather than every 5 years as was the case for Alternative 1.  Homes would be 
impacted once the scarp line reaches the front of the structure and parcel values would decrease 
to zero in the year in which one-half of the parcel is lost.  
 
Based on this scenario, the future positions of the scarp line under Alternative 2 would be the 
same as shown for Alternative 1 (Figure 4.1).  However, rather than all homes and parcels being 
impacted in 5-year increments, not using sandbag revetments to temporarily stop the landward 
progression of the scarp line every 5 years would result in the loss of structures and infrastructure 
in each year of the analysis period.   As a result, the number of parcels impacted and the number 
of homes relocated or demolished would be the same over the 30-year planning period as under 
Alternative 1.  The difference would be the timing of when individual homes as well as the 
upland infrastructure are impacted.  Also, there would not be any cost for installing sandbags.   
 
The equivalent average annual costs of future damages and erosion response measures under 
Alternative 2 over the 30-year planning period are given in Table 4.4. 
 
Table 4.4. Average annual equivalent damages and erosion response cost – Alternative 2 

Damage/Response Category Equivalent Annual Cost 
Value of lost parcels $633,000 
Demolition Cost $35,000 
Relocation Cost $93,000 
Value of lost structure $132,000 
Damage to utilities & roads $66,000 
Total Annual Damages/Response Cost $958,000 

 
30-Year Project Cost – Alternative 2.  Under Alternative 2, the Town of Ocean Isle Beach 
would continue to participate in periodic nourishment of the Federal storm damage reduction 
project.  As given above under Alternative 1, the total 30-year cost for continued nourishment of 
the Federal project would be $66.44 million.  The existing cost-sharing agreement for the Federal 
project would continue under Alternative 2.  In addition to the cost for beach nourishment, the 
economic impact of Alternative 2 would include the loss of 238 parcels, the costs of relocating or 
demolishing 45 threatened homes, the value of demolished homes, and damages to roads and 
utilities.  Over the 30-year planning period these potential damages total $29.55 million.  Note 
the 30-year cost for Alternative 2 is less than Alternative 1 due to eliminating the use of 
sandbags.  The addition of damages and erosion response cost to the cost of continued 



ENGINEERING REPORT 
OCEAN ISLE BEACH EROSION MITIGATION PLAN 

 

 
34 

DRAFT Environmental Impact Statement (January 2015)  
Ocean Isle Beach Shoreline Management Project EIS 

nourishment of the Federal storm damage reduction project results in a total economic impact 
under Alternative 2 of $95.99 million. As with Alternative 1, the cost for periodic nourishment of 
the Federal project is included in the 30-year cost for Alternative 2 due to the impact of some of 
the other alternatives on future nourishment cost. 
 
Delft3D Model Results for Alternative 2.  The Delft3D model simulation for Alternative 1 is 
also applicable to Alternative 2 in terms of potential changes in Shallotte Inlet and the adjacent 
shorelines.  Again, the only difference between Alternative 1 and Alternative 2 would be the 
exclusion of sandbags on the extreme east end of the island.  Under Alternative 2, the USACE 
would continue to nourish the Federal storm damage reduction project every three years using 
material from the Shallotte Inlet borrow area.  Since this is the exact same set-up that was used 
for Alternative 1, there would be no difference in the model results for the two alternatives. 
 

4.3 Alternative 3 – Beach Fill Only 
 
Introduction.  The beach fill only alternative would address the east end erosion issue through 
the initial construction and subsequent periodic nourishment of a beach fill on the extreme east 
end of Ocean Isle Beach. The formulation of this alternative is described below. 
 
Initial Design. A preliminary design of the beach fill for Alternative 3 was developed in order to 
evaluate the potential performance of a beach fill on the east end of the island in the Delft3D 
model.  Once the initial assessment of beach fill performance was completed, the beach fill 
design was modified to include material to initially construct beach fill design template and 
provide advanced nourishment to account for volumetric losses associated with long-term 
erosion trends and diffusion losses (horizontal spreading) of the fill material out of the initial 
placement area that would occur between periodic nourishment operations.   
 
The preliminary design of the main fill used in the assessment covered 3,500 feet of shoreline 
along the eastern end of Ocean Isle Beach from baseline station -5+00 (500 feet east of the end 
of development) and station 30+00 (located just west of Lumberton Street).  The fill included 
500-foot transition or taper section on each end of the fill to merge the fill with the existing 
Federal storm damage reduction project making the entire fill length 4,500 feet (Figure 4.4).  
Based on this preliminary design, the main fill of the Beach Fill Only alternative would overlap 
2,000 feet of the Federal project between stations 10+00 and 30+00.  While the preliminary 
design of the beach fill only alternative would cover more than the 2,500-foot length of shoreline 
in the project area, the added length is needed to provide a gradual merger of the beach fill with 
the Federal storm damage reduction project.  
 
The Town of Ocean Isle Beach attempted to address the erosion problem on the east end of town 
in 2007 with the placement of 155,000 cubic yards of material along 2,000 feet of shoreline 
between baseline stations 17+00 and -3+00.  This operation was accomplished as an add-on to 
the USACE contract to nourish the Federal storm damage reduction project.  As a result, the 
Town realized considerable cost savings through elimination of mobilization and demobilization 
cost.  This combined with the relative short pumping distance from the Shallotte Inlet borrow 
area to the east end fill area allowed the Town to accomplish the beach fill for $721,000 which is 
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equivalent to a gross unit cost (pumping cost + mobilization & demobilization cost divided by 
the yardage) of $4.66/cubic yard.   
 
Monitoring surveys along the east end of Ocean Isle Beach following the placement of the fill on 
the east end of the island found that most of the 155,000 cubic yards had been lost in a period of 
about 9 months.  Previous beach fills have been placed in the area east of Shallotte Boulevard by 
the USACE during routine maintenance of the AIWW.  Generally, the volume of fill provided by 
these disposal operations has ranged from 30,000 cubic yards to around 60,000 cubic yards.  
While profile monitoring surveys are not available for these fill/disposal episodes, antidotal 
information indicates positive impacts of these fills were also short lived.  
 
The performance of the 2006-07 beach fill on the east end of Ocean Isle Beach as well as the 
lack of substantial erosion mitigation provided by the USACE disposal operations indicates a 
beach fill only alternative on the east end of the island must account for volume losses from a 
beach fill that would be greater than normal volume losses from the area. 
 

 
Figure 4.4. Beach Fill Only – Alternative 3.  
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The USACE has been monitoring the Town’s shoreline since construction of the Federal project 
in 2001. Also, the Town of Ocean Isle Beach has initiated a supplemental survey program to 
cover areas on the extreme east end of the island that are not included in the USACE surveys. 
This survey information was used to determine volumetric erosion rates on the east end of Ocean 
Isle Beach following each of the three previous nourishment operations.  The results of this 
analysis are summarized in Table 4.5 for the area between baseline station 0+00 and station 
30+00. 
  
Table 4.5. Volume change rates for post-nourishment periods on east end of Ocean Isle 
Beach (baseline stations 0+00 to 30+00) 

Post-nourishment 
 time period 

Time Interval 
Years 

Measured rate of volume change 
cubic yards/year 

Dec 2001 to Mar 2006 4.2 -72,000 
Apr 2007 to May 2010 3.1 -88,000 
May 2010 to Aug 2013 3.2 -114,000 
Average 2001 to 2013 10.5 -91,000 

 
The average annual retreat of the scarp line between stations 0+00 and 20+00, measured between 
September 1999 and May 2010, was approximately 10 feet/year (Table 4.1).  For the preliminary 
beach fill design, periodic nourishment of the beach fill on the east end of Ocean Isle Beach was 
assumed to be nourished every three years in conjunction with the periodic nourishment of the 
Federal project.  Therefore, the preliminary design for the beach fill used an average fill width of 
30 feet resulting in an initial construction volume of 107,000 cubic yards. 
 
Based on the measured loss rate of 91,000 cubic yards/year between stations 0+00 and 30+00 as 
shown in Table 4.5, the volume of advanced nourishment needed to address the measured rate of 
volume loss of the east end of the island over a three year period would be 273,000 cubic yards.  
However, given the performance of the 155,000 cubic yard beach fill placed on the east end of the 
island in 2006-07, the volume of advanced nourishment was increased about 25% from 273,000 
cubic yards to 343,000 cubic yards.  As a result, the total initial fill volume for the preliminary 
beach fill was 450,000 cubic yards.  
 
Simulation of the 450,000 cubic yard beach fill in the Delft3D model indicated the rate of volume 
losses from a beach fill placed between station 30+00 and Shallotte Inlet would be 54% higher 
than under existing conditions.  With the existing rate of loss east of station 30+00 equal to 
91,000 cubic yards/year, the expected loss rate from a beach fill placed east of station 30+00 
would be equal to 140,000 cubic yards/year.  Figures 4.5 to 4.8 show the simulated performance 
of the east end beach fill over a three-year period.  The red areas in the figures represent volume 
loss (erosion) while the green areas show volume gain (accretion).    
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Figure 4.5. Alternative 3 – initial post-fill condition. 
 

 
Figure 4.6. Alternative 3 – scour and deposition one year after construction. 



ENGINEERING REPORT 
OCEAN ISLE BEACH EROSION MITIGATION PLAN 

 

 
38 

DRAFT Environmental Impact Statement (January 2015)  
Ocean Isle Beach Shoreline Management Project EIS 

 
Figure 4.7. Alternative 3 – scour and deposition two years after construction. 
 

 
Figure 4.8. Alternative 3 – scour and deposition three years after construction. 
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Volumetric losses from the east end of the Federal project under existing conditions (i.e., between 
stations 10+00 and 30+00) have averaged 58,000 cubic yards/year (Table 3.2) while the total loss 
from the area between stations 0+00 and 30+00 has averaged 91,000 cubic yards/year (Table 4.5). 
Based on the Delft3D simulated performance of a beach fill on the east end of the island, 
implementation of the Alternative 3 fill would increase the volume loss rate to 140,000 cubic 
yards/year from this area.  The loss of the additional 82,000 cubic yards/year (=140,000 cy/yr       
-58,000 cy/yr) would be attributable to changes associated with the Alternative 3 fill.  That is, the 
increased cost for placing an additional 82,000 cubic yards/year on the east end of Ocean Isle 
Beach to maintain the east end beach fill would not be eligible for Federal cost sharing.  
 
For the area west of station 30+00 to station 120+00, the Delft3D model simulation for 
Alternative 3 did not indicate any differences in the erosion rates compared to losses being 
experienced under existing conditions (i.e., Alternative 1).  For the area west of station 30+00 to 
station 120+00, erosion losses have averaged 78,000 cubic yards/year.  Thus under Alternative 3, 
the expected volume loss between station -5+00 and station 120+00 totals 218,000 cubic 
yards/year.  The estimated volumetric loss rates between various stations on Ocean Isle Beach 
under Alternative 3 are summarized in Table 4.6.   
 
Table 4.6.  Annual rates of volume change along Ocean Isle Beach under Alternative 3. 

-5+00 to 30+00 30+00 to 60+00 60+00 to 90+00 90+00 to 120+00 Total 
-140,000 -59,000 -14,000 -5,000 -218,000 

 
As discussed above for Alternative 1, periodic nourishment of the Federal storm damage 
reduction project has averaged 408,000 cubic yards every three years.  This average periodic 
nourishment volume was arbitrarily set as a maximum nourishment volume per operation in the 
evaluation of all of the alternatives that include beach fill.  In the case of Alternative 3, adhering 
to this limit would mean periodic nourishment would be needed once every 1.9 years in order to 
provide an average of 218,000 cubic yards/year between stations -5+00 and 120+00.  Since this is 
not practicable, the 408,000 cubic yard maximum per operation was relaxed slightly for 
Alternative 3 to allow 436,000 cubic yards to be deposited along Ocean Isle Beach every two 
years.  Note that the initial assumption with regard to the periodic nourishment interval for 
Alternative 3 was three years resulting in a design width of 30 feet.  However, changing the 
nourishment interval to 2 years under Alternative 3 did not warrant a change in the designed 
width of the beach fill.  
 
While Alternative 3 is formulated with a 2 year nourishment interval in order to evaluate it on the 
same basis as Alternatives 4 and 5 in terms of the volume of material placed during each 
nourishment interval, this may not be practical since it would require the USACE to alter the 
periodic nourishment schedule for the Federal project from 3 year to 2 years.  This would mean 
the cost of the Federal project would be higher due to additional mobilization and de-mobilization 
costs associated with a more frequent nourishment interval. In all likelihood, an economic 
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reevaluation of the Federal project indicating the project is still economically viable with a two-
year nourishment interval would be required before Alternative 3 could be implemented.  
  
With the adoption of a two year nourishment interval for Alternative 3, the advanced fill volume 
needed for the initial construction of the Alternative 3 beach fill to account for anticipated volume 
losses over two years would be 280,000 cubic yards.  Based on this revised design formulation, 
the initial fill volume for Alternative 3 would be 107,000 cubic yards for the 30-foot design width 
plus 280,000 cubic yards for advanced nourishment resulting in a total initial fill volume of 
387,000 cubic yards for Alternative 3.  This initial fill volume would be in addition to the volume 
of material that would be normally placed east of station 30+00 to maintain the Federal storm 
damage reduction project and would therefore be the responsibility of non-Federal interests.     
 
The material to construct the Alternative 3 beach fill would be derived from the USACE borrow 
area in Shallotte Inlet. 
      
The width of the design beach fill and the density of fill placement between each baseline station 
on the east end of Ocean Isle Beach for Alternative 3 are listed in Table 4.7. 
 
Table 4.7. Design beach fill widths and fill densities for Alternative 3 – Beach Fill Only. 

Baseline Stations Type of Fill Design Fill Width (ft) Fill Density (cy/lf) 

-10+00 to -5+00 Transition 0 to 76 0 to 85 

-5+00 to 0+00 Main Fill 76 to 151 85 to 170 

0+00 to 5+00 Main Fill 151 to 133 170 to 150 

5+00 to 10+00 Main Fill 133 to 107 150 to 120 

10+00 to 15+00 Main Fill 107 to 89 120 to 100 

15+00 to 20+00 Main Fill 89 to 66 100 to 75 

20+00 to 25+00 Main Fill 66 to 44 75 to 50 

25+00 to 30+00 Main Fill 44 to 21 50 to 24 

30+00 to 35+00 Transition 21 to 0 24 to 0 

 
Periodic Nourishment-Alternative 3. As discussed above, periodic nourishment under 
Alternative 3 would be accomplished every two years with the placement of an average of 
436,000 cubic yards during each operation.  The material would be deposited from baseline 
stations -10+00 to 120+00 which includes both the Federal project and the non-Federal fill on the 
east end.    
 
Material for periodic nourishment would also be obtained from the existing borrow area in 
Shallotte Inlet.  In this regard, the USACE monitoring of the borrow area following the 2006-07 
and 2010 nourishment operations indicated the borrow area collects an average of 16,500 cubic 
yards/month or a little less than 200,000 cubic yards/year (Dennis, 2012 personal 
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communication).  While this measured rate of entrapment in the borrow area is slightly less than 
the annual volume needed to nourish the beach under Alternative 3, past nourishment operations 
have not utilized the full extent of the borrow area.  Expansion of the area dredged to nourish the 
Ocean Isle Beach shoreline should enable the borrow area to accumulate the volume needed to 
satisfy nourishment requirements for Alternative 3.  
 
30-Year Project Cost – Alternative 3. The erosion damages that could occur to existing 
development on the east end of Ocean Isle Beach were assumed to be prevented under 
Alternative 3.  The initial placement of 387,000 cubic yards east of baseline station 30+00 to 
construct the beach for Alternative 3 was assumed to take place during a normal periodic 
nourishment cycle for the Federal project.  Based on this assumption, the cost for the 387,000 
cubic yards of material was based only on the dredging cost, i.e., there would not be any 
additional mobilization and demobilization costs for the added fill.   
 
The economic costs for Alternative 3 would be associated with providing the necessary volume 
of material to offset these future erosion threats.  The total 30-year cost for Alternative 3, which 
includes continued nourishment of the Federal storm damage reduction project, is estimated to be 
$115.50 million.   
 
The Federal government would presumably continue to provide its share of the cost for periodic 
nourishment of the Federal project but would not participate in the added nourishment costs 
associated with Alternative 3.  Therefore, the Federal share of the 30-year project costs under 
Alternative 3 would be equal to that of Alternatives 1 and 2 or $43.19 million with the balance of  
$72.31 million the responsibility of non-Federal interests.  Based on this cost-sharing 
arrangement, the Federal share of future periodic nourishment costs along Ocean Isle Beach 
under Alternative 3 would be about 37.4% (=$43.19/$115.50) with the non-Federal share equal 
to 62.6%.   

 
Detailed cost estimates for Alternative 3 are presented in Section 5 at the end of this Appendix. 
 
4.4 Alternative 4 - Shallotte Inlet Bar Channel Realignment with Beach Fill 
 
Introduction. An alternative method to managing the erosion stress associated with Shallotte 
Inlet on Ocean Isle Beach could be to reposition the ocean bar channel closer to Ocean Isle 
Beach along an alignment essentially perpendicular to the adjacent shorelines. Realigning the bar 
channel closer to the east end of Ocean Isle Beach should result in the reconfiguration of the ebb 
tide delta of Shallotte Inlet over time.  The reconfiguration of the ebb tide delta would include 
onshore movement of sediment from the delta located off the west end of Holden Beach and 
rebuilding the delta off the east end of Ocean Isle.  A larger delta on the west side of Shallotte 
Inlet would provide some wave sheltering for the east end of the island and could eliminate 
formation of flood channels that run parallel and close to the shoreline on the east end of Ocean 
Isle Beach.  Realignment of the ocean bar channel would be accompanied by a beach fill that 
would front the existing development east of Shallotte Boulevard.    
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The USACE assessed the possibility of realigning the channel to stabilize both Ocean Isle Beach 
and Holden Beach. The USACE found that the east end of Ocean Isle Beach and the western 
portion of Holden Beach could benefit from positioning the ocean bar channel in the middle of 
the inlet. The analysis was conducted in the 1997 General Revaluation Report compiled for the 
2001Federal erosion control project (USACE, 1997). Based on the USACE analysis, when the 
Shallotte Inlet bar channel was in a more central position and aligned generally perpendicular to 
the adjacent shorelines, as was the case between 1954 and 1965, the east end of Ocean Isle 
Beach was relatively stable and actually experienced some accretion. 
 
Given this finding, the Federal storm damage reduction project incorporated channel realignment 
in its design and designated the realigned channel as the source of beach fill material for initial 
construction and periodic nourishment of the Federal project.  Figure 4.9 shows a March 2001 
post-construction survey of the borrow area superimposed on a February 2001aerial photograph.  
 
Following initial construction, the ebb tide delta of Shallotte Inlet began to adjust to the new 
channel with significant onshore sediment transport of the delta material on both the east side 
and west side of the inlet.  The material that migrated onshore on the east side of the inlet 
eventually welded to the west end of Holden Beach, significantly increasing the width of the 
beach.  Once onshore, much of the material was transported into Shallotte Inlet in the form of a 
sand spit.  A similar response was observed on the east end of Ocean Isle Beach.  Evidence of 
these spit formations is shown in an October 2005 Google Earth aerial photograph provided on 
Figure 4.10.  Unfortunately, the ebb tide delta material that migrated onto the east end of Ocean 
Isle Beach welded too close to the inlet to provide any significant protection to development on 
the east end of the island with the end result being the formation of a sand spit east of the 
developed portion of Ocean Isle Beach.  
 
The relatively wide expanse of the Shallotte Inlet borrow area was not effective in concentrating 
flow in one particular area and as a result, the borrow area accumulated sediment primarily on 
the west side.  This post-construction shoaling pattern resulted in the movement of the bar 
channel back toward the west end of Holden Beach as indicated by the dashed line on Figure 
4.10. 
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Figure 4.9. March 2001 post-construction survey of Shallotte Inlet borrow area superimposed on a February 
2001 aerial photograph.  
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Figure 4.10. October 2005 Google Earth aerial photograph of Shallotte Inlet. 
 
If an inlet channel is relocated for the purpose of effecting shoreline changes on either side of the 
inlet, the channel must be maintained in the preferred position and alignment.  However, 
subsequent periodic nourishment operations for the Ocean Isle Beach Federal storm damage 
reduction project did not reestablish a preferred channel location, rather, the inlet borrow area 
was selectively dredged to obtain the volume of material needed to maintain the Federal storm 
damage reduction project not to reestablish the preferred channel position.  Outlines of the areas 
dredged for the 2007 and 2010 periodic nourishment operations are shown on Figure 4.11 
superimposed on an August 2013 survey of the borrow area. 
 
As shown on Figure 4.11, the areas dredged in the borrow area for the 2007 and 2010 periodic 
nourishment operations did not follow the same alignment.  While the 2007 cut was located close 
to the west boundary of the borrow area, the 2010 cut was concentrated more to the east side of 
the borrow area and was bordered on the east by the existing bar channel.    
 
A sequence of surveys of Shallotte Inlet beginning with the 2007 post-dredging condition and 
ending with the 2013 condition are provided on Figures 4.12a to 4.12d. Figure 4.12a shows that 
following the dredging operation the inlet actually had two bar channels, the natural channel next 
to Holden Beach and the dredge channel located closer to the east end of Ocean Isle Beach. 
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Figure 4.11. Outline of 2007 and 2010 dredged areas in the Shallotte Inlet borrow area superimposed on 
August 2013 bathymetry.
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Figure 4.12a. April 2007 post-dredging survey of Shallotte Inlet.                                 Figure 4.12b. Sept. 2008 condition survey of Shallotte Inlet. 
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    Figure 4.12c. April 2009 Condition Survey of Shallotte Inlet.                                     
Figure 4.12d. Jul-Aug 2013 Condition Survey of Shallotte Inlet                        
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By September 2008 (Figure 4.12b) the dredged channel was almost completely closed resulting 
in flow concentrating through the channel closer to the west end of Holden Beach. By April 
2009, only a small portion of the outer end of the dredged channel was evident.  The 2010 
periodic nourishment operation (Figure 4.11) removed material from an area just west of the 
natural bar channel which allowed flow to continue to be concentrated in the natural bar channel. 
The 2010 cut also shoaled rapidly and by September 2013 (Figure 4.12d), the dredged area was 
completely shoaled and flowed again concentrated in the natural channel off the west end of 
Holden Beach. 
 
Alternative 4 Borrow Area Modifications.  In order to make the borrow area in Shallotte Inlet 
function as a true channel relocation, material removed during periodic nourishment operations 
should be derived from an area close to and generally parallel to the west boundary of the 
USACE borrow area.  The dredge cut should also extend across the ocean bar and merge with 
the existing -17.9 foot NAVD depth contour in the ocean in order to encourage flow to move 
through the dredged cut rather than through the natural bar channel.   By continuing to use the 
same cut area for each nourishment operation the borrow area should eventually become the 
dominant flow path for waters exiting through the inlet.  Over time, the inlet should respond to 
the new “permanent” channel position and alignment with a wholesale shift in the ebb tide delta 
to the west resulting in the accumulation of sediment on the west side of the ebb tide delta.  As a 
result of the reconfiguration of the ebb tide delta, the shoreline on the east end of Ocean Isle 
Beach should respond in much the same manner as was observed between 1954 and 1965. 
 
Beach Fill Design and Periodic Nourishment Requirements for Alternative 4.  The initial 
beach fill for Alternative 4 would be the same as that described for Alternative 3 which would 
involve the placement of 387,000 cubic yards between baseline stations -5+00 and 30+00.  Note 
this is the additional volume needed over and above the normal three-year periodic nourishment 
requirement for the Federal project.  Periodic nourishment would also be the same as Alternative 
3 until such time the repeated removal of material from the west side of the borrow area captures 
the majority of flow through the inlet and the inlet ebb tide delta  assumes a configuration 
comparable to that which existed between 1954 and 1965.      
 
The exact amount of time that would be required for the ebb tide delta of Shallotte Inlet to 
respond to the modified dredging scheme to the point where it begins to modify shoreline 
erosion rates on the east end of Ocean Isle Beach cannot be defined with any degree of certainty.  
The bar channel of Bogue Inlet was moved to the west away from the west end of Emerald Isle 
in March 2005 in an attempt to rebuild the sand spit off the west end of Emerald Isle.  The 
predicted recovery of the sand spit was not complete until about 2011 or about 6 years after the 
relocation.  A similar channel relocation project was completed in New River Inlet in February 
2013 for the Town of North Topsail Beach for the purpose of restoring the shoreline on the 
extreme north end of the island.  Significant recovery of the north end of North Topsail Beach 
was predicted to take at least 5 years with essentially full restoration taking as long as 15 years.  
With only slightly more than one year having elapsed since the channel was moved, the success 
of the North Topsail Beach project is still being evaluated although early signs seem to indicate 
the inlet and shoreline are responding in the expected manner. 
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The aerial photographic history of the Shallotte Inlet indicates the bar channel migrated toward 
Holden Beach sometime between 1965 and 1972.  Since 1972, the channel has persistently been 
aligned toward the west end of Holden Beach.  Thus the current erosive condition on the east end 
of Ocean Isle Beach associated with the inlet bar channel has persisted for about 45 to 50 years.  
While reconfiguration of the inlet and ebb tide delta may not take a comparable amount of time, 
a conservative estimate of the timeframe for the full recovery of the east end of Ocean Isle Beach 
in response to the new channel would be about 20 years.  During this recovery period, volume 
losses from the fill placed on the extreme east end of Ocean Isle Beach (stations 0+00 to 30+00) 
would be comparable to the volume losses estimated for Alternative 3 for at least two periodic 
nourishment cycles or about 4 years.  From year 4 to year 20 following implementation of the 
new borrow area dredging scheme, the reconfiguration of the ebb tide delta of Shallotte Inlet 
should begin to have a positive impact on the east end of the island.  This would result in a 
gradual reduction in the periodic nourishment requirements along the east end of the island 
(stations 0+00 to 30+00) with the nourishment requirement for the area being eliminated by the 
end of year 20. 
 
Table 4.8 provides the estimated periodic nourishment requirements for both the east end of the 
fill between baseline station -5+00 and station 30+00 as well as the two year nourishment 
requirement from stations 30+00 to 120+00.  Based on the assumed decrease in nourishment 
requirements along the east end of Ocean Isle Beach under Alternative 4 (columns 2 and 3 in 
Table 4.8) and the assumed 408,000 cubic yard maximum for individual nourishment operations, 
periodic nourishment would take place during the year indicated in column 4 in Table 4.8 with 
the volume of material to be placed during that operation provided in column 5.  Given the 
assumed reduction in periodic nourishment requirements, the periodic nourishment interval 
could be increased to 4 years after year 14 and every 5 years after year 18. Note maximum 
nourishment volume of 408,000 cubic yards was relaxed slightly for year 18. 
 
Table 4.8. Periodic nourishment volumes under Alternative 4. 

 
Project Year 

Nourishment Volumes (CY) For: Nourishment Operations(1) 

OIB Fed Proj. 
OI 30 to OI 120 

East End OIB – OI 
-5 to OI 30 

Periodic 
Nourishment Year 

Total 

2 156,000 280,000 2 436,000 
4 156,000 280,000 4 436,000 
6 156,000 245,000 6 401,000 
8 156,000 210,000 8 366,000 

10 156,000 175,000 10 331,000 
12 156,000 140,000 12 296,000 
14 156,000 105,000 14 261,000 
16 156,000 70,000   
18 312,000 35,000 18 417,000 
20 156,000 0   
22 156,000 0 23 390,000 
24 156,000 0   
26 156,000 0   
28 156,000 0 28 390,000 

 (1)Nourishment operations generally limited to maximum fill volume of 408,000 cubic yards except for years 2, 4, 
and 18. 
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30-Year Project Cost – Alternative 4. Over the 30-year planning period, periodic nourishment 
of Ocean Isle Beach under Alternative 4 would cost a total of $62.13 million.  The Federal 
government should continue to participate in periodic nourishment of the Federal storm damage 
reduction project, contributing 65% of the cost for providing beach fill within the authorized 
Federal limits.  Under existing conditions, periodic nourishment of the Federal project is 
performed every three years with an average of 175,000 cubic yards of material deposited east of 
station 30+00.  For a two-year nourishment cycle, the nourishment volume east of station 30+00 
would be 116,000 cubic yards.  As shown in Table 4.8, the two-year periodic nourishment 
requirement east of station 30+00 is assumed to decrease from an initial amount of 280,000 cubic 
yards down to zero by year 20.  During nourishment cycles in which the nourishment 
requirement east of station 30+00 exceeds 116,000 cubic yards, the Federal government was 
assumed to pay 65% of the cost for the 116,000 cubic yards and non-Federal interests 
responsible for 100% of the cost of the nourishment volume in excess of 116,000 cubic yards.  
Once the nourishment requirement east of 30+00 equals or falls below 116,000 cubic yards every 
two years, cost sharing for the entire nourishment operation would be 65% Federal – 35% non-
Federal.  Based on the projected decrease in periodic nourishment over the 30-year planning as 
presented in Table 4.8, the Federal share over the 30-year planning period would be $30.98 
million (49.9%) leaving a balance of $31.14 million for non-Federal interests.  
 
Detailed cost estimates for Alternative 4 are presented in Section 5 of this Appendix. 
  

4.5 Alternative 5 - Terminal Groin w/ Beach Fill 
 
Introduction. During the 2011 legislation session, the North Carolina Legislature passed 
Session Law 2011-387, Senate Bill 110 which allows consideration of terminal groins adjacent 
to tidal inlets.  The legislation limited the number of terminal groins to four (4) statewide and 
included a number of provisions and conditions that must be met in order for the groins to be 
approved and permitted. In 2013, the State Legislature passed the Coastal Policy Reform Act of 
2013 (SL2013-384) that modified some of the requirements included in the 2011 legislation.  
The major changes include: 
 

(a) Elimination of the requirement to show an imminent erosion threat to structures and 
infrastructure.  Now the applicant only needs to demonstrate structures and 
infrastructure are threatened. 

(b) Eliminated the need to demonstrate that nonstructural measures, including relocation 
of threatened structures, are impractical.   

(c) The required inlet management plan “must be reasonable and not impose 
requirements whose costs outweigh the benefits.”    

(d) Eliminated the requirement of the applicant to fund restoration of public, private, or 
public trust property if the groin has an adverse impact on the environment or 
property. 
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(e) Provided more flexibility in providing financial assurances for maintenance and/or 
removal of the terminal groin.   

The State legislation notwithstanding, compliance with NEPA still mandates the development of 
all practical alternatives.  Hence, as discussed above, this document includes the impacts of 
continuing the present shoreline management practices (Alternative 1), the impacts of 
abandoning structures or retreating to new locations (Alternative 2), protection of the east end 
development with beach nourishment only (Alternative 3), and relocation of the main bar 
channel of Shallotte Inlet (Alternative 4).  
 
The purpose of a terminal groin on the east end of Ocean Isle Beach would be to create a 
permanent accretion fillet west of the structure. This would be accomplished by controlling tide 
induced or influenced sediment transport off the extreme east end of the island.  The resulting 
position and alignment of the shoreline within the accretion fillet would mimic that of the 
shoreline immediately to the west.  The elimination or reduction in tide induced sediment 
transport off the extreme east end of the island should improve the performance and longevity of 
beach fills placed east of Shallotte Boulevard as well as the performance of a portion of the 
Federal storm damage reduction project that extends west of Shallotte Boulevard.  Since wave 
induced sediment transport (i.e., littoral sand transport) would still be in play, erosion will 
continue to be a management issue for the shorelines lying outside the direct influence of the 
terminal groin. 
 
The design objective for the terminal groin alternative was to minimize the combined cost 
associated with construction and maintenance of the terminal groin and nourishment of the 
Ocean Isle Beach west to USACE baseline station 120+00.  This optimization process involved 
the evaluation of three terminal groins that would project 250 feet, 500 feet, and 750 feet 
seaward of the 2007 mean high water shoreline.  Schematic representations of the three terminal 
groin options are shown on Figures 4.14a to 4.14c. All of the terminal groins are positioned 
approximately 148 feet east of station 0+00. 
 
With regard to describing the terminal groins in terms of their length seaward of the 2007 mean 
high water shoreline, the Delft3D model, which is discussed in Appendix C, was used to evaluate 
the relative impacts of the three structures.  The Delft3D model was calibrated and verified using 
conditions that existed in 2007 and these same initial conditions were used for the terminal groin 
options in order to obtain a direct correlation of the potential difference in the model’s response 
since the only change in the model set-up for the terminal groin options being the terminal groins 
and associated beach fills. The subsequent discussion of the model results will reference the 
terminal groin options as the 250-foot, 500-foot, and 750-foot; however, if constructed, the 
terminal groin option would include a shore anchorage section that would extend approximately 
300 feet landward of the 2007 mean high water shoreline. This would place the landward end of 
the shore anchorage section well landward of historic shoreline positions on the east end of 
Ocean Isle Beach (Figure 4.13). 
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Figure 4.13. Historic shoreline positions on the east end of Ocean Isle Beach. 
 
Each of the terminal groin options includes beach fill to pre-fill the area west of the terminal 
groins.  The length of the beach fill and the volume required for each terminal groin option are 
given in Table 4.9. The fill volumes in Table 4.9 are just for pre-filling the fillet area.   
 
Construction of the terminal groin and pre-filling the accretion fillet were assumed to be timed to 
coincide with the normal three-year periodic nourishment cycle of the Federal storm damage 
reduction project.  Based on the arrangements the Town of Ocean Isle Beach was able to 
negotiate with the dredging contractor back in 2006-2007, the Town should be able to obtain the 
fillet fill material for just the added dredging costs.  That is, there should not be any additional 
mobilization and demobilization costs for the added volume.    
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Table 4.9. Fillet beach fills for the three terminal groin options 

Terminal Groin 
Option 

Fill Length 
(ft.)(1) 

Fill Volume (cy)(2) 

250-ft 1,693 87,000 
500-ft 2,194 185,000 
750-ft 3,214 264,000 

  (1)Measured west of terminal groin 
  (2)Volume needed to pre-fill the accretion fillet 
 
Delft3D Model Evaluation.  The three-year erosion and deposition patterns for the three 
terminal groin options produced by the Delft3D model are provided in Figures 4.15b to 4.15d.  
For easy reference, Figure 4.15a repeats the erosion deposition patterns for Alternative 1 which 
was previously shown in Figure 4.3.  
 

 
Figure 4.14a. Schematic 250-foot terminal groin. 
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Figure 4.14b. Schematic 500-foot terminal groin. 
 

 
Figure 4.14c. Schematic 750-foot terminal groin. 
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Figure 4.15a. Alternative 1 – Three-year erosion deposition patterns indicated by the Delft3D model. 
 

 
Figure 4.15b. Three-year erosion deposition patterns indicated by the Delft3D model for 250-foot terminal 
groin. 
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Figure 4.15c. Three-year erosion deposition patterns indicated by the Delft3D model for 500-foot terminal 
groin. 
 

 
Figure 4.15d. Three-year erosion/deposition patterns indicated by the Delft3D model for 750-foot terminal 
groin. 
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The simulation of the three terminal groin options produced similar results in the area off the east 
end of Ocean Isle Beach as observed under the No Action Alternative (Alternative 1), i.e., all of 
the model simulations indicated accretion in the offshore area.  This accretion appeared to be 
related to the orientation of the bar channel of Shallotte Inlet rather than impacts associated with 
the terminal groins.  For example, model generated annual volume change rates along Ocean Isle 
Beach and the west end of Holden Beach for the areas landward of the -18-foot NAVD are 
provided in Table 4.10.  Above the -18-foot depth contour, the model indicated accretion in the 
beach segment between the terminal groin west to station 30+00 for all three terminal groin 
options and some reduction in the volume loss rate compared to Alternative 1 between baseline 
stations 30+00 and 60+00.  West of station 60+00, the relatively small difference in the volume 
changes between Alternative 1 and the three terminal groin options was within the accuracy of 
the Delft3D model and were deemed not to be significant. 
 
Given the similar offshore response indicated by the model for Alternative 1 and the three 
terminal groin options, the evaluation of the model indicated volume changes along the east end 
of Ocean Isle Beach focused on changes that occurred in the nearshore area landward of the        
-6-foot NAVD contour.  As shown in Table 4.10, the terminal groins did have some impact on 
volume losses above the -6-foot depth contour compared to Alternative 1 west to about station 
30+00.  However, west of station 30+00, there was virtually no impact of the terminal groins on 
volume changes. 
 
On the west end of Holden Beach, the apparent impacts of the three terminal groin options 
indicated relatively minor increases in annual rate of volume change above the -18-foot NAVD 
depth contour and essentially no measurable difference in the impacts above the -6-foot NAVD 
depth contour.  
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Table 4.10. Model volume change rates above the -18-foot NAVD and -6-foot NAVD contours. 

Holden Beach

Groin to OI 30 OI 30 to OI 60 OI 60 to OI 90 OI 90 to OI 120 Total Groin to IO 120 HB 385 to HB 345
Alternative 1 - No New Action -53,000 -51,000 -27,000 0 -131,000 -46,000

Alternative 5 - Terminal Groin Options:
250-ft terminal groin 39,000 -44,000 -25,000 0 -30,000 -51,000
500-ft terminal groin 90,000 -23,000 -21,000 1,000 47,000 -58,000
750-ft terminal groin 133,000 -7,000 -18,000 3,000 111,000 -62,000

Holden Beach

Groin to OI 30 OI 30 to OI 60 OI 60 to OI 90 OI 90 to OI 120 Total Groin to IO 120 HB 385 to HB 345
Alternative 1 - No New Action -24,000 -18,000 -14,000 -7,000 -63,000 -11,000

Alternative 5 - Terminal Groin Options:
250-ft terminal groin -17,000 -18,000 -14,000 -7,000 -56,000 -11,000
500-ft terminal groin -6,000 -19,000 -14,000 -7,000 -46,000 -10,000
750-ft terminal groin -1,000 -19,000 -14,000 -7,000 -41,000 -12,000

Ocean Isle Beach
Alternative Model Rates (cy/yr)

Volume Changes above -18-ft NAVD

Model Volume Changes above -6-ft NAVD

Alternative 
Ocean Isle Beach

Model Rates (cy/yr)
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Periodic Nourishment Requirements for Terminal Groin Options.  A more detailed analysis 
of the impact of the terminal groins on volume changes above the -6-foot NAVD depth contour 
is provided in Table 4.11 which shows model generated volume changes between beach profile 
stations beginning at the terminal groin and extending west to station 30+00 (OI 30) and between 
profile stations east of the terminal groin (stations -5 to -30).  The locations of stations -5 to -30 
are shown on Figure 5.1 in Chapter 5.  Model volume changes are provided for the No Action 
Alternative (Alternative 1) and the three terminal groin options.  Models indicated volume 
changes for along the west end of Holden Beach between HB 385+00 and HB 345+00 are also 
provided in the Table 4.11. 
 
For the 250-foot terminal groin, stabilizing impacts were only evident west to station OI 5 which 
is 693 feet west of the terminal groin.  There was also some reduction in volume loss compared 
to Alternative 1 west to about station OI 15 but essentially no impact west of that point.  For the 
500-foot terminal groin, the model indicated a stable beach west to station OI 15 with some 
significant reduction in volume losses from OI 15 to OI 30 relative to Alternative 1.  Similarly, 
the 750-foot terminal groin would essentially stabilize the shoreline west to station OI 20 and 
significantly reduce volume losses west to station IO 30.  Again, the model indicated volume 
changes west of station 30+00 for the terminal groin options compared to Alternative 1 were not 
considered to be significant given the inherent accuracy of the model. 
 
East of the proposed locations of the terminal groin, the model results for all three terminal groin 
options indicated there could be an increase in the volume loss immediately east of the structure, 
i.e., between stations -5 and -20, relative to the Alternative 1.  However, in all three cases, the 
model indicated volume loss at the end of the three year simulation was essentially equal to the 
volume loss observed after year 1 of the simulation.  That is, following an initial year of 
adjustment, the shoreline response east of the proposed structure stabilized.  For example, for the 
750-foot terminal groin option, the model indicated volume loss after year 1 of the simulation 
was -53,000 cubic yards but over the next two years of the simulation this segment of the 
shoreline actually gained 3,100 cubic yards indicating the shoreline response to the groin had 
equilibrated.  
 
For the area closest to the inlet (stations -20 to -30), the model indicated this section of the 
shoreline would gain material which is an indication material was moving to the east past the 
structure in the model simulations. 
 
Along the west end of Holden Beach, the model indicated volume changes above the -6-foot 
NAVD depth contour were essentially the same as the model indicated volume change for 
Alternative 1 for all three terminal groin options. 
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Table 4.11. Delft3D model volume changes landward of the -6-foot NAVD contour on the 
east end of Ocean Isle Beach and the west end of Holden Beach for Alternative 1 and the 
three terminal groin options. 

Baseline Station ID Length 
(ft) 

Volume Change for Alternative: 
1: No Action 250-ft TG 500-ft TG 750-TG 

Ocean Isle Beach 
-20 to -30 992 -1,500 31,300 24,700 7,400 
-5 to -20 2,384 -11,000 -31,300 -53,300 -49,900 
Groin to OI 0 148 -1,600 10,900 21,300 33,300 
OI 0 to OI 5 545 -8,500 22,000 56,300 75,900 
OI 5 to OI 10 577 -13,000 -1,300 31,600 48,200 
OI 10 to OI 15 423 -9,300 -8,200 10,300 22,700 
OI 15 to OI 20 501 -13,500 -13,500 -1,300 13,100 
OI 20 to OI 25 499 -16,500 -14,700 -8,700 -400 
OI 25 to OI 30 521 -10,900 -12,300 -7,700 -3,000 
Total (Groin to OI 30) 3,214 -73,300 -17,100 101,800 189,800 

Annual Rate 
 (Groin to OI 30)  -24,000 -6,000 +34,000 +63,000 

Holden Beach 
HB 385 to HB 345 4,740 -34,000 -34,200 -31,000 -34,500 

    
Based on the model results for volume losses above the -6-foot NAVD depth contour, the 
impacts of the terminal groin options on periodic nourishment rates along Ocean Isle Beach 
would be limited to the area east of station 30+00, i.e., periodic nourishment requirements 
between stations 30+00 and 120+00 would be the same as under existing conditions.  Also, 
periodic nourishment would not be needed east of the terminal groin. 
 
An average three-year nourishment volume for the Ocean Isle Beach Federal storm damage 
reduction project, which is based on the average volume for the last three periodic nourishment 
operations, totals 408,000 cubic yards.  The distribution of this three-year periodic nourishment 
volume between profile stations is given in Table 4.12. 
 
Table 4.12. Average three-year nourishment volume for the Ocean Isle Beach Federal 
storm damage reduction project – existing conditions. 

Beach Segment  
(baseline stations) 

Three-year Nourishment 
Volume (CY) 

10+00 to 30+00 174,000 
30+00 to 60+00 177,000 
60+00 to 90+00 42,000 

90+00 to 120+00 15,000 
Total 408,000 

  
The model results of volume changes above the -6-foot NAVD depth contour measured between 
the terminal groins and station 30+00 given in Table 4.10 indicate the volumetric erosion rates 
and hence the periodic nourishment requirements in this area would be reduced by 29.2% for the 
250-foot terminal groin (= (24,000-17,000)/24,000)).  Similarly, the nourishment requirements 
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between the terminal groin and station 30+00 would be reduced by 75.0% and 95.8% for the 
500-foot and 750-foot terminal groins, respectively.  Applying these reduced nourishment 
requirements for the beach segment between the terminal groin and station 30+00 results in the 
total three-year nourishment requirement for each terminal groin option given in Table 4.13. 
 
Table 4.13. Estimated three-year nourishment requirement for terminal groin options 
Terminal 
Groin 
Option 

Three-year nourishment requirement between stations:  
Total 3-yr 

nourishment  
Groin to 

30+00 
30+00 to 

60+00 
60+00 to 

90+00 
90+00 to 
120+00 

250-foot 123,000 177,000 42,000 15,000 357,000 
500-foot 45,000 177,000 42,000 15,000 279,000 
750-foot 6,000 177,000 42,000 15,000 240,000 

 
The reduction in periodic nourishment requirements, particularly for the 500-foot and 750-foot 
terminal groin options, provides an opportunity to increase the time interval between 
nourishment operations.  Since the past nourishment operations have placed an average of 
408,000 cubic yards on Ocean Isle Beach, the target volume for nourishment operation for the 
three terminal groin options was set to be equal to or less than 408,000 cubic yards.  For the 250-
foot terminal groin, increasing the nourishment interval to 4 years would require a volume of 
476,000 cubic yards.  Since this exceeds the target volume, the nourishment interval for the 250-
foot terminal groin would remain at 3 years.  For the 500-foot terminal groin, the nourishment 
interval could be increased to 4 years which would require 372,000 cubic yards of nourishment 
per operation, which is less than the target volume of 408,000 cubic yards.  Similarly, the 
nourishment interval for the 750-foot terminal groin could be increased to 5 years which would 
require 400,000 cubic yards per operation. 
 
The selected nourishment interval and nourishment volume for each terminal groin option is 
summarized below in Table 4.14: 
 
Table 4.14. Periodic nourishment intervals and volume requirements for the terminal groin 
options. 

Terminal Groin Option Nourishment 
Interval (years) 

Nourishment 
Volume per 
Operation 

 (cubic yards) 

Equivalent Annual 
Nourishment Volume 

(cubic yards/year) 

250-foot 3 357,000 119,000 
500-foot 4 372,000 96,000 
750-foot 5 400,000 80,000 

 
In the past, the USACE has combined periodic nourishment of the Ocean Isle Beach project into 
contracts involving Wrightsville Beach, Masonboro Inlet, Carolina Beach and Kure Beach. In 
this regard, dredging contracts for Wrightsville Beach and Masonboro Inlet are on a four-year 
dredging cycle while Carolina Beach and Kure Beach are on three-year cycles.  The use of the 
selected periodic nourishment intervals for the 500-foot and 750-foot terminal groin options 
given above could have some impact on the ability to combine contracts for these projects; 
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however, the potential cost savings for extending the nourishment interval would offset most if 
not all of the cost impacts. 
 
The Delft3D model simulations of the three terminal groin options indicated some possible 
reduction in sediment retention in the Shallotte Inlet borrow area for each of the terminal groin 
options.  In the case of the 250-foot structure, the modeled retention rate in the borrow area was 
184,000 cubic yards/year.  However, compared to measured sediment retention rates in the 
borrow area, the model results for Alternative 1 underestimated sediment retention in the borrow 
area by about 80%.  Assuming the model also underestimated sediment retention in the borrow 
area for the 250-foot terminal groin by a similar amount, the model rate was adjusted by a factor 
of 1.2 resulting in an estimated retention rate in the borrow area of 219,000 cubic yards/year for 
the 250-foot structure.  Similar adjustments were made to the model retention rates for the 500-
foot and 750-foot structures resulting in estimated borrow area retention rates of 160,000 cubic 
yards/year for the 500-foot structure and 128,000 cubic yards/year for the 750-foot structure. 
 
The periodic nourishment requirements for Ocean Isle Beach for the three terminal groin options, 
given in Table 4.14, also include an equivalent average annual rate.  Based on the adjusted model 
retention rates in the Shallotte Inlet borrow area, the borrow area would be able to meet the 
nourishment requirements for all three terminal groin options. 
 
Model Volume Changes in Shallotte Inlet for Terminal Groin Options. Modeled volume 
changes for the three terminal groin options computed within each of the Shallotte Inlet complex 
sediment boxes shown in Figure 3.8 are provided in Table 4.15.  Model volume changes for 
Alternative 1 are also shown in Table 4.15 for comparison purposes.  The model volume changes 
given in Table 4.15 were not adjusted in order to provide a direct one-to-one comparison of 
model indicated changes between the alternatives.    
 
Table 4.15. Delft3D model volume changes in the Shallotte Inlet complex sediment boxes 
for Alternative 1 and the three terminal groin options.  

Shallotte Inlet 
Sediment Box 

 (see Figure 3.8) 

Model Volume Change (cubic yards/year) for: 
Alternative 1 250-foot 

terminal groin 
500-foot 

terminal groin 
750-foot 

terminal groin 
West Delta 178,000 168,000 130,000 124,000 
East Delta -30,000 -34,000 -41,000 -41,000 

Borrow Area 210,000 184,000 134,000 107,000 
West Channel 15,000 13,000 10,000 9,000 
East Channel 18,000 19,000 20,000 22,000 

Total 391,000 350,000 253,000 221,000 
 
In addition to the modeled differences in the borrow area sediment retention rates between the 
three terminal groin options, the model indicated a reduction in sediment retention on the West 
Delta for each terminal groin option, however there was no significant difference in the volume 
changes computed for the East Delta.  The model also did not indicate any significant differences 
in volume changes in the East and West Channels inside the inlet. 
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Structural Design of Terminal Groins. All three of the terminal groin options would include a 
300-foot shore anchorage section extending landward from the 2007 mean high water shoreline 
and a rubblemound section extending seaward of the 2007 mean high water shoreline.  The shore 
anchorage section would be constructed with sheet pile, either steel or concrete.  The sheet piles 
would have a top elevation of +4.9 feet NAVD for a distance of about 130 feet between the 
landward end of the rubblemound section and the existing dune.  The top elevation of the shore 
anchorage section would be reduced to +4.5 feet NAVD for the remaining 170 feet.  The top of 
the landward most portion of the shore anchorage section would be below the existing ground 
level.  
 
The rubblemound portion of the terminal groins would be constructed with loosely placed armor 
stone on top of a foundation mat or mattress and would have a crest elevation of +4.9 feet 
NAVD.  The lose nature of the armor stone was designed to facilitate the movement of littoral 
material through the structure while the relative low crest elevation of +4.9 feet NAVD would 
allow some sediment to pass over the structure during periods of high tide.  Profiles of the three 
terminal groins are shown in Figures 4.16 to 4.18. Note the terminal groin profiles are shown 
relative to the June 2013 beach profile survey at station 0+00; however, the April 2007, the mean 
high water shoreline (+1.8 feet NAVD), which is used as a point of reference for defining the 
length of the terminal groins, was located approximately 100 feet seaward of the June 2013 mean 
high water contour.  The head or seaward end of the terminal groins would slope 1H:3V from the 
structure crest down to the existing ocean floor.  A typical cross-section of the rubblemound 
portion is shown in Figure 4.19.   
 
The 250-foot terminal groin would require a total of 4,500 tons of stone, including both the 
bedding and armor stone while the 500-foot and 750-foot terminal groins would require 8,500 
tons and 14,300 tons, respectively.   
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Figure 4.16. Profile of 250-foot terminal groin. 

 
Figure 4.17. Profile of 500-foot terminal groin. 
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Figure 4.18. Profile of 750-foot terminal groin. 
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Figure 4.19. Typical rubblemound cross-section for terminal groin. 
 
Cost Estimates for Terminal Groin Alternatives.  Preliminary cost estimates for the terminal 
groin options are provided in Table 4.16.  The initial construction cost of the terminal groins 
included $345,000 for the shore anchorage section for all three terminal groin options and a stone 
cost of $173/ton.  The stone costs were based on updated costs experienced for the repair of the 
Masonboro Inlet south jetty accomplished by the USACE in 2012.  The volume of sand needed 
to initially fill the accretion fillet area west of each terminal groin option was provided in Table 
4.9.  Periodic nourishment requirements for the options were given in Table 4.14.  Initial 
construction of the terminal groins and associated beach fills were assumed to occur in 
conjunction with periodic nourishment of the Federal storm damage reduction project.  As a 
result, the cost to initially fill the accretion fillet area was based on just the dredging cost, that is, 
no additional mobilization and demobilization would be necessary.  Also as noted above, 
installation of the terminal groins would change the periodic nourishment interval for the Federal 
project from 3 years under existing conditions to 4 years with the 500-foot structure and 5 years 
with the 750-foot structure.  The nourishment interval for the 250-foot structure would continue 
to be every three years. The borrow source for both the initial beach fill and periodic 
nourishment would continue to be the existing borrow area in Shallotte Inlet.  The periodic 
nourishment costs provided in Table 4.16 include mobilization and demobilization cost. 
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Table 4.16. Cost estimates for terminal groin option 

Terminal Groin Option Feature Units Quantity
Costs Including 

15% Contingency
250-foot

Fillet Beach Fill CY 87,000 $751,000
Terminal Groin linear feet 585 $1,143,000
Engr & Design job Lump Sum $200,000

Construction Oversight job Lump Sum $234,000
Total Initial Construction $2,328,000

Nourishment CY 357,000 $6,205,000

Maintenance Cost NA NA $7,000

500-foot
Fillet Beach Fill CY 185,000 $1,596,000
Terminal Groin linear feet 839 $1,834,000
Engr & Design job Lump Sum $200,000

Construction Oversight job Lump Sum $336,000
Total Initial Construction $3,966,000

Nourishment CY 372,000 $6,334,000

Maintenance Cost NA NA $13,000

750-foot
Fillet Beach Fill CY 264,000 $2,277,000
Terminal Groin linear feet 1100 $2,783,000
Engr & Design job Lump Sum $200,000

Construction Oversight job Lump Sum $440,000
Total Initial Construction $5,700,000

Nourishment CY 400,000 $6,575,000

Maintenance Cost NA NA $21,000

Terminal Groin Maintenance (Average Annual)

Initial Construction

Periodic Nourishment Every Five Years

Terminal Groin Maintenance (Average Annual)

Initial Construction

Periodic Nourishment Every Three Years

Terminal Groin Maintenance (Average Annual)

Initial Construction

Periodic Nourishment Every Four Years

 
   
Thirty-Year Project Cost.  The total cost (in present-day dollars) for periodic nourishment 
under Alternatives 1 and 2 and the total 30-year cost associated with the three terminal groin 
options are provided in Table 4.17.  Note that the cost for nourishing the Federal storm damage 
reduction project in year 0 of the analysis is not included in any of the 30-year cost projects since 
all alternatives would include nourishment of the Federal project in year 0.  The purpose of the 
30-year cost projections is to show the difference in 30-year periodic nourishment cost between 
Alternatives 1 and 2 and the three terminal groin options.   
 



ENGINEERING REPORT 
OCEAN ISLE BEACH EROSION MITIGATION PLAN 

 

 
68 

DRAFT Environmental Impact Statement (January 2015)  
Ocean Isle Beach Shoreline Management Project EIS 

Table 4.17. Thirty-year beach nourishment cost for Alternatives 1 and 2 and total cost for 
the three terminal groin options. 

Alternative Total 30-Year Cost 
Alternatives 1 and 2 $66,440,000 

250-foot terminal groin $68,465,000 
500-foot terminal groin $51,062,000 
750-foot terminal groin $46,655,000 

 
Equivalent Annual Cost. The equivalent annual cost for the terminal groin options were 
computed using compound interest methods with an interest rate of 4.125% and a 30-year 
amortization period.  While maintenance of the terminal groin would not be required every year, 
given the uncertainty as to when repairs may be needed, terminal groin repairs were assumed to 
occur every year. The equivalent annual costs of the three terminal groin options are given in 
Table 4.18. 
 
For comparative purposes, the equivalent annual cost for periodic nourishment of the Federal 
storm damage reduction project, which would continue under Alternatives 1 and 2, is also 
included in Table 4.18.  The equivalent annual cost for the nourishment of the Federal project 
was based on providing 408,000 cubic yards to Ocean Isle Beach every three years. 
 
Table 4.18. Equivalent annual cost of terminal groin options and beach nourishment under 
Alternatives 1 and 2. 

Alternative Equivalent Annual Cost 
Alternatives 1 and 2 $2,126,000 

250-foot terminal groin $2,129,000 
500-foot terminal groin $1,682,000 
750-foot terminal groin $1,567000 

 
Cost Sharing.  All initial costs to pre-fill the accretion fillet and construct the terminal groin as 
well as any future maintenance of the terminal groin would be a non-Federal responsibility.  
Following construction of the terminal groin, all future beach nourishment would occur within 
the limits of the Federal storm damage reduction project and would be eligible for cost-sharing 
with the Federal government in the same 65%/35% Federal/non-Federal ratio as under the 
existing Project Cost Sharing Agreement. The resulting Federal and non-Federal cost 
responsibilities for the total 30-year project costs for the terminal groin options and Alternatives 
1 and 2 are given in Table 4.19. 
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Table 4.19. Cost-Sharing responsibilities for 30-year project cost of the terminal groin 
options and the existing Federal storm damage reduction project. 

30-Year Cost 
Alternative Total 30-Year Cost Federal Share Non-Federal Share  

Alternative 1 and 2 $66,440,000 $43,190,000 $23,250,000 
250-foot terminal groin $68,465,000 $41,484,000 $26,981,000 
500-foot terminal groin $51,062,000 $28,354,000 $22,708,000 
750-foot  terminal groin $46,655,000 $23,432,000 $23,223,000 
 
Selection of Terminal Groin Option.  The 250-foot terminal groin would only have a minor 
impact on volume losses off the east end of Ocean Isle Beach and would only stabilize the 
shoreline for about 700 feet west of the structure and slightly reduce volume losses over another 
1,000 feet.  Also, the total 30-year cost for the 250-foot option would be slightly more than 
Alternative 1 and the non-Federal 30-year cost would be significantly greater than that for 
Alternative 1 (Table 4.19).  This is due to the inability of the 250-foot structure to reduce 
periodic nourishment requirements that would offset the cost for constructing and maintaining 
the structure.  Therefore, the 250-foot terminal groin in not considered to be a viable option. 
 
With regard to the 500-foot structure, it would provide positive shoreline impacts in terms of 
shoreline stability and reduced nourishment requirements west to about station 20+00.  The 750-
foot structures positive shoreline impacts would extend west to station 30+00 and would almost 
eliminate all nourishment requirements east of station 30+00. 
 
Construction of the 750-foot terminal groin and its associated beach fill needed to pre-fill the 
accretion fillet west of the terminal groin would cost about $1.7 million more than the 500-foot 
terminal groin option (Table 4.16), however, over the 30-year analysis period, the total cost for 
the 750-foot option would be about $4.4 million less than the 500-foot structure.  While non-
Federal cost over the 30-year analysis period would be slightly less for the 500-foot structure, the 
added shoreline stability provided by the 750-foot structure combined with the possibility of 
future reductions in Federal funding for the Ocean Isle Beach storm damage reduction project 
prompted the Town of Ocean Isle Beach to select the 750-foot terminal groin as its preferred 
option.   
 
5.0  COST ESTIMATES 
 
The costs for the five (5) alternatives evaluated for addressing the erosion problem on the east 
end of Ocean Isle Beach are provided below. The primary purpose of the cost estimates was to 
determine the incremental cost difference between continued periodic nourishment of the Federal 
project under existing conditions versus what these costs would be under the various 
management alternatives.   
 
A summary of the average annual equivalent cost for all the alternatives is provided in Table 5.4.  
The average annual equivalent costs were computed using a discount rate of 4.125% and an 
amortization period of 30 years.  Table 5.5 summarizes the total 30-year project costs for each 
alternative along with an estimate of the Federal and non-Federal share of the 30-year project 
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costs.  The economic costs for Alternatives 1 and 2 given in Table 5.4 include the cost of erosion 
response measures such as demolition and/or relocation of threatened homes, damage to 
infrastructure, and the value of land that would be lost over the 30-year planning period.   
  
Alternatives 1 and 2.  The cost of the operation for providing periodic nourishment of the Federal 
storm damage reduction project every 3 years under Alternatives 1 and 2 is provided in Table 
5.1.  While there are differences in erosion response measures on the east end of the island for 
Alternatives 1 and 2, none of the response measures would have an impact on periodic 
nourishment of the Federal project.   
 
Table 5.1. Three-year periodic nourishment costs under Alternatives 1 and 2. 

Item Units Quantity Unit Cost Cost 
Mobilization & Demobilization Job 1 Lump Sum $2,500,000 
Dredging CY 408,000 $7.50 $3,060,000 
Sub Total    $5,560,000 
Contingencies (15%)    $834,000 
Total Construction    $6,394,000 
E & D    $100,000 
S & I    $150,000 
Total Nourishment Cost    $6,644,000 
 
Alternative 3.  Alternative 3 would include the initial construction of a beach fill on the extreme 
east end of Ocean Isle Beach followed by periodic beach nourishment to maintain the fill.  The 
initial fill volume included in the cost estimate is only that volume needed for the east end fill 
and does not include the fill that would be placed at the same time to nourish the Federal storm 
damage reduction project.  Both fills are assumed to occur under the same contract which would 
not require an incremental increase in the cost for mobilization and demobilization.  During 
periodic nourishment, material would be placed on both Ocean Isle Beach and on the west end of 
Holden Beach.  Placement of material on Holden Beach, which would be needed to mitigate for 
project induced impacts, would entail an additional $500,000 in mobilization and demobilization 
costs to run a discharge pipeline to the west end of Holden Beach.    
 
Due to the large volume of material that would be needed to maintain the beach fill on Ocean 
Isle Beach and mitigate for project related impacts on the west end of Holden Beach, an 
alternative source of beach nourishment material would have to be located to supplement the 
limited supply of sand that could be obtained from the Shallotte Inlet borrow area.  The probable 
location of the alternative source has not been identified, however, a cost of $500,000 is included 
to cover geotechnical investigations and permitting that would likely be needed to identify a 
supplemental source. 
 
The estimated initial cost and the cost of periodic nourishment, which would be needed every 
three years, are given in Table 5.2. 
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Table 5.2. Initial construction and periodic nourishment cost for Alternative 3 – Beach Fill 
Only 

Item Units Quantity Unit Cost Cost 
Initial Construction of Fill on East End Ocean Isle Beach 

Mobilization & Demobilization Job 1 Lump Sum $0 
Dredging CY 387,000 $7.50 $2,903,000 
Sub Total    $2,903,000 
Contingencies (15%)    $435,000 
Total Construction    $3,338,000 
E & D    $100,000 
S & I    $150,000 
Total Initial Cost Beach Fill    $3,588,000 

Cost of Periodic Nourishment every Two Years  
Mobilization & Demobilization(1) Job 1 Lump Sum $3,000,000 
Dredging  436,000 $7.50 $3,270,000 
Sub Total    $6,270,000 
Contingencies (15%)    $2,165,000 
Total Construction    $941,000 
E & D    $100,000 
S & I    $150,000 
Total Periodic Nourishment (every 2-yrs)    $7,461,000 
(1)Mobilization and demobilization cost for Ocean Isle Beach. 
 
Alternative 4. The cost associated with Alternative 4, the channel relocation alternative, was 
computed in a manner similar to that for Alternative 3. Since the nourishment requirements vary 
over the 30 year planning period due to assumed reductions in periodic nourishment 
requirements associated with anticipated changes in the configuration of the ebb tide delta of 
Shallotte Inlet, only the total costs for each periodic nourishment operation is provided in Table 
5.3.  In all instances, the unit dredging cost was $7.50/cubic yard and contingencies were 
maintained at 15%. 
 
Table 5.3. Periodic nourishment cost for Alternative 4 – Channel Relocation.  

Project Year Total Nourishment 
Volume (cy) 

Nourishment Cost 

2 436,000 $7,461,000 
4 436,000 $7,461,000 
6 401,000 $6,584,000 
8 366,000 $6,282,000 

10 331,000 $5,980,000 
12 296,000 $5,678,000 
14 261,000 $5,377,000 
18 417,000 $6,722,000 
23 390,000 $6,489,000 
28 390,000 $6,489,000 
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Alternative 5 – 750-foot Terminal Groin with Beach Fill. The estimated construction cost and 
periodic nourishment cost for the 750-foot terminal groin option was presented in Table 4.16.  
The total initial cost of this option would be about $5.7 million.  Periodic nourishment of Ocean 
Isle, including the Federal storm damage reduction project, would only be required every 5 years 
with an estimated 400,000 cubic yards being distributed from baseline station 30+00 (OI 30) 
west to baseline station 120+00 (OI 120).  Periodic nourishment needs west of station 120+00 
would be determine based on beach profile monitoring surveys, but based on past performance 
of the Federal project west of 120+00, periodic nourishment should be an infrequent occurrence.  
 
Each 5-year periodic nourishment operation would cost approximately $6,575,000 while 
maintenance of the terminal groin would average $21,000 per year.  Note that maintenance of the 
terminal groin would not be needed every year but since the specific time when maintenance 
would be needed cannot be determined in advance, the cost of terminal groin maintenance is 
presented as an annual cost.  
 
Cost Summary.  The equivalent average annual cost for all of the alternatives, computed using a 
discount rate of 4.125% and an amortization period of 30 years is provided in Table 5.4.  The 
costs of each alternative over the 30-year planning period are given in Table 5.5.        
 
Table 5.4 Summary of average annual economic impact of alternatives. 

Alternative 
Long-Term 

Erosion Damages 
& Response Cost 

Construction & 
Periodic 

Nourishment Cost  

Total Economic 
Cost 

1- No New Action $1,048,000 $2,126,000 $3,174,000 
2 – Abandon/Retreat $958,000 $2,126,000 $3,084,000 

3 – Beach Nourishment $0 $3,866,000 $3,866,000 
4 – Channel Relocation $0 $2,500,000 $2,500,000 
5 – 750-ft terminal groin $0 $1,567,000 $1,567,000 

 
Table 5.5 Summary of 30-year implementation costs of alternatives 

Alternative Total 30-Year Beach 
Nourishment/Impleme

ntation Cost 

Federal Share Non-Federal Share 

1- No New Action    $43,190,000 $23,250,000 
2 – Abandon/Retreat $66,440,000(1) $43,190,000 $23,250,000 

3 – Beach Nourishment $115,503,000 $43,190,000 $72,313,000 
4 – Channel Relocation $62,126,000 $30,982,000 $31,144,000 
5 – 750-ft terminal groin $46,655,000 $23,432,000 $23,223,000 

(1)Nourishment of Federal storm damage reduction project only, does not include demolition, relocation, or 
sandbags. 
 



ENGINEERING REPORT 
OCEAN ISLE BEACH EROSION MITIGATION PLAN 

 

 
73 

DRAFT Environmental Impact Statement (January 2015)  
Ocean Isle Beach Shoreline Management Project EIS 

 
 
6.0  REFERENCES 
 
Cleary, W.J. & Marden, T.P. (1999) Shifting shorelines: a pictorial atlas of North Carolina inlets: 

North Carolina Sea Grant, UNC-SG-99-04.  
 
Cleary, W. J. (2008). Overview of oceanfront shorelines: Cape Lookout to Sunset Beach, NC. 

Wilmington. 
 
CPE-NC. (2012). Town of Ocean Isle Beach Draft Assessment of Terminal Groin Feasibility. 

Wilmington, North Carolina.  75 pp. 
 
Insiderinfo. (2013). Overview of area in Ocean Isle Beach, NC. 
 http://oceanislebeach.insiderinfo.us/( Accessed on April 15, 2013). 
 
NOAA. (2013) http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=8659182 Oak Island, 

Atlantic Ocean, NC&type=Datum’s (Accessed on May 1, 2013). 
 
RSMeans. (2012) RSMeans heavy construction cost data. Norwell: Reed Construction Data.  
 
USACE. (1997a). Environmental assessment Brunswick County beaches – Ocean Isle Beach; 

beach erosion control and hurricane wave protection; Brunswick County, North Carolina.  
 
USACE. (1997b). Appendix A coastal engineering - general reevaluation report for beach 

erosion control and hurricane wave protection,  Brunswick County beaches, North 
Carolina, Ocean Isle Beach portion. Wilmington. 

 
USACE. (2002) Ocean Isle Beach nourishment project: inlet and shoreline monitoring report no. 

1. Wilmington. 
 
USACE. (2005) Ocean Isle Beach nourishment project: inlet and shoreline monitoring report no. 

2. Wilmington. 
 
USACE (2013) Memorandum for commander, Wilmington district (CESAW-TS-E/Gregory L/ 

Williams. CESAD-RBT: Atlanta, (2013, April 29). 
 



DRAFT Environmental Impact Statement (January 2015) 
Ocean Isle Beach Shoreline Management Project EIS 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix C- Delft3D Numerical Modeling Study 



i 
 

COASTAL PLANNING & ENGINEERING OF NORTH CAROLINA, INC. 

TOWN OF OCEAN ISLE BEACH 
 

DELFT3D NUMERICAL MODELING STUDY 
 
 

Table of Contents 
 
1.0 INTRODUCTION ............................................................................................................... 1 
2.0 METHODOLOGY .............................................................................................................. 2 
3.0 GRIDS.................................................................................................................................. 2 

3.1 Modeling Grids ................................................................................................................ 2 
3.2 Bathymetry ....................................................................................................................... 5 

4.0 HYDRODYNAMIC & METEOROLOGICAL DATA ...................................................... 5 
4.1 Waves ............................................................................................................................... 5 
4.2 Water Levels .................................................................................................................... 9 
4.3 Winds ............................................................................................................................. 10 

5.0 CALIBRATION ................................................................................................................ 10 
5.1 SWAN Model Calibration .............................................................................................. 10 
5.2 Flow Calibration ............................................................................................................. 25 
5.3 Calibration of Sediment Transport, Erosion, & Deposition ........................................... 37 

6.0 REFERENCES .................................................................................................................. 60 

 
 

List of Figures 
 
Figure 1:  Map of Ocean Isle Beach Showing the Limits of the Federal Project. .......................... 1 
Figure 2:  Ocean Isle Beach Wave Modeling Grids. ...................................................................... 3 
Figure 3:  Ocean Isle Beach Flow Grid & Local Wave Grid. ......................................................... 4 
Figure 4:  Photograph of Offshore ADCP during the October 17-18, 2012 Placement Operation. 8 
Figure 5:  Regional Bathymetry through May 2012. .................................................................... 12 
Figure 6:  Intermediate Wave Grid Bathymetry through May 2012. ........................................... 13 

Figure 7:  Local Wave and Flow Grid Bathymetry through May 2012. ....................................... 14 

Figure 8:  Shallotte Inlet Estimated May 2012 Bathymetry. ........................................................ 15 
Figure 9:  Typical Input Wave Spectrum. ..................................................................................... 16 
Figure 10:  Summary of Input Wave Conditions during the SWAN Calibration Period. ............ 17 

Figure 11:  Typical Input Wind Field during the SWAN Calibration. ......................................... 18 
Figure 12:  Input Water Levels during the SWAN Calibration. ................................................... 19 
Figure 13:  SWAN Calibration Results at the Offshore ADCP, JONSWAP Bottom Friction 
Coefficient = 0.064. ...................................................................................................................... 20 
Figure 14:  SWAN Calibration Results at OCP1, JONSWAP Bottom Friction Coefficient = 
0.064.............................................................................................................................................. 21 
Figure 15:  Typical SWAN Calibration Results over the Regional Wave Grid. .......................... 22 

Figure 16:  Typical SWAN Calibration Results over the Intermediate Wave Grid. .................... 23 
Figure 17:  Typical SWAN Calibration Results near Shallotte Inlet. ........................................... 24 
Figure 18:  Observed Water Levels during the Flow Calibration. ................................................ 26 
Figure 19:  Summary of Input Wave Conditions during the Flow Calibration Period. ................ 27 



ii 
 

COASTAL PLANNING & ENGINEERING OF NORTH CAROLINA, INC. 

Figure 20:  Typical Input Wind Field during the Flow Calibration. ............................................. 29 
Figure 21:  Simulated and Observed Currents near the Inlet ADCP during the Flow Calibration.
....................................................................................................................................................... 30 
Figure 22:  Simulated and Observed Water Levels at the Inlet ADCP. ....................................... 31 
Figure 23:  Simulated and Observed Water Levels at the Ferry Landing Tide Gage. .................. 32 
Figure 24:  Typical Simulated Currents during Peak Flood. ........................................................ 33 
Figure 25:  Typical Simulated Currents during Peak Ebb. ........................................................... 34 
Figure 26:  Typical Simulated Water Levels. ............................................................................... 35 
Figure 27:  Typical Simulated and Observed Waves during the Flow Calibration. ..................... 36 
Figure 28:  Initial Conditions Based on the April 2007 Survey. .................................................. 38 

Figure 29:  Initial Conditions Based on the April 2007 Survey (closeup). ................................... 39 
Figure 30:  Schematic representation of the Hypercube methodology. ........................................ 41 
Figure 31:  Typical Hypercube Results at the Offshore ADCP. ................................................... 42 
Figure 32:  Portion of April 2007 to April 2010 Wave Record at Buoy 41013 Generating 95% of 
the Wave Energy at the Offshore ADCP. ..................................................................................... 43 
Figure 33:  Wave Rose Showing Offshore Wave Cases Used in the Morphological Model 
Calibration..................................................................................................................................... 44 
Figure 34:  Final Variation of the Mean Grain Size in Phi Units with Respect to Location. ....... 48 
Figure 35:  Final Variation of the Mean Grain Size in mm with Respect to Location. ................ 49 
Figure 36:  Final Variation of the Fine Sand Fraction with Respect to Location. ........................ 50 
Figure 37:  Final Variation of the Coarse Sand Fraction with Respect to Location. .................... 51 

Figure 38:  Simulated and Observed Volume Changes above -18 feet NAVD between April 2007 
and April 2010 Given Calibration Run 43 (Rejected). ................................................................. 53 
Figure 39:  Simulated and Observed Volume Changes above -18 feet NAVD between April 2007 
and April 2010 Given Calibration Run 43 (Rejected) .................................................................. 54 
Figure 40:  Simulated and Observed Volume Changes above -18 feet NAVD between April 2007 
and April 2010 Given Calibration Run 43A (Final Calibration). ................................................. 55 
Figure 41:  Simulated and Observed Bathymetry in Shallotte Inlet Given Calibration Run 43A 
(Final Calibration). ........................................................................................................................ 56 
Figure 42:  Simulated and Observed Bathymetric Changes in Shallotte Inlet Given Calibration 
Run 43A (Final Calibration) ......................................................................................................... 57 

Figure 43:  Net Sediment Transport Based on the Delft3D Model and the April 2007 to April 
2010 Sediment Budget (CPE, 2012). ............................................................................................ 59 
 

List of Tables 
 
Table 1:  Ocean Isle Beach Model Grids ........................................................................................ 5 
Table 2:  Bathymetric & Topographic Data Sources ...................................................................... 6 
Table 3:  Hydrodynamic & Meteorological Data Sources .............................................................. 7 
Table 4:  Ocean Isle Beach ADCP Configuration .......................................................................... 9 

Table 5:  Tidal Datums at the Oak Island Tide Gage (NOAA Station 8659182) ......................... 10 
Table 6:  Summary of SWAN Calibration Results ....................................................................... 25 

Table 7:  Summary of Flow Calibration Results .......................................................................... 28 
Table 8:  Summary of Hypercube Wave Cases at NOAA Buoy 41013 ....................................... 40 
Table 9:  April 2007 to April 2010 Wave Cases ........................................................................... 45 
Table 10:  Sources of Bottom Grain Size Information ................................................................. 47 



1 
 

DRAFT Environmental Impact Statement (January 2015)  
Ocean Isle Beach Shoreline Management Project EIS 

TOWN OF OCEAN ISLE BEACH 
 

DELFT3D NUMERICAL MODELING STUDY 
 

1.0 INTRODUCTION 
 
The Town of Ocean Isle Beach (TOWN) is evaluating the feasibility of constructing a terminal 
groin on the east end of the town’s shoreline near Shallotte Inlet to mitigate the chronic erosion 
problem caused by Shallotte Inlet’s influence on the movement of littoral sediment in the area 
(see Figure 1).  Part of the town’s shoreline is a Federal beach nourishment project, which 
received fill in 2001, 2006, and 2010.  As detailed in the Assessment of Terminal Groin 
Feasibility study (CPE, 2012), much of the Town’s beach erosion occurs between Concord 
Street (Station 120+00) and Shallotte Inlet.  
 

 
Figure 1:  Map of Ocean Isle Beach Showing the Limits of the Federal Project. 

 
In addition to the federal shore protection project, the USACE has periodically deposited 
material on the east end of Ocean Isle Beach from maintenance of the Atlantic Intracoastal 
Waterway (AIWW) at the intersection of the AIWW with Shallotte Inlet.  Although no definitive 
total volume has been provided by the USACE at the time of publishing, an estimated 300,000 to 
400,000 cubic yards of navigation maintenance material has been placed on the extreme east end 
of Ocean Isle Beach since 2001.  All of this material has been deposited generally within the area 
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fronting the development east of Shallotte Boulevard (i.e., outside the limits of the federal 
project).  The material removed from the AIWW erodes quickly and has been generally 
ineffective in slowing the rate of erosion in the area east of Shallotte Boulevard (Station 10+00).  
Even with the rather substantial beach nourishment effort by the USACE and the TOWN, 
erosion along the east end of Ocean Isle Beach has continued to affect existing structures and 
infrastructure.   
 
To reduce the erosion along the eastern end of Ocean Isle Beach, the Assessment of Terminal 
Groin Feasibility study (CPE, 2012) proposed two terminal groin options.  The objective of the 
Engineering Report (Appendix B) and this numerical study is to refine the terminal groin’s 
design and develop a recommended plan which includes groin construction and strategic 
placement of beach fill. 
 
2.0 METHODOLOGY 
 
The primary modeling tool in this investigation is the Delft3D morphological modeling package 
(Deltares, 2011).  This packages consists of two models, which are coupled together to determine 
changes in a topographic and bathymetric surface based on the effects of waves, water levels, 
winds, and currents.  Wave propagation from the offshore to the nearshore area is estimated 
using the Simulating Waves Nearshore Model (SWAN 40.72ABCDE, Delft University of 
Technology, 2008).  Delft3D-FLOW utilizes the output waves from SWAN, along with the 
varying water levels offshore and the bathymetry, to determine the resulting currents, water 
levels, sediment transport, erosion, and deposition.  Based on the estimated erosion and 
deposition at each time step, the Delft3D-FLOW model calculates the subsequent elevations of 
the topographic and bathymetric surface and sends the updated bathymetry back to the SWAN 
model.  Typical time steps in Delft3D-FLOW range from 1 second to 60 seconds, while wave 
propagation estimates in the SWAN model are performed every 1 to 3 hours.  Given the 
interaction between the tidal currents and waves near Ocean Isle Beach and Shallotte Inlet, 
Delft3D is the best means of evaluating the performance and impact of terminal groin and beach 
fill alternatives along the town’s beach. 
 
3.0 GRIDS 
 
3.1 Modeling Grids 
 
To evaluate wave propagation, flow, sediment transport, erosion, and deposition along the study 
area, 4 grids were created (see Figure 2, Figure 3, and Table 1).  The Regional Wave Grid was 
used to examine wave propagation between the offshore areas and the intermediate depth zones 
(-65 feet NAVD) between Cape Fear and the North Carolina / South Carolina state line (see 
Figure 2).  The offshore boundary of the Regional Wave Grid roughly follows the depth contours 
near wave gages 41013 (-91 feet NAVD) and FPSN7 (-45 feet NAVD).  The Intermediate Wave 
Grid was used to examine wave propagation between the intermediate depth zones and the depth 
of closure (-27 feet NAVD, USACE, 1997) (see Figure 2).  The Local Wave Grid was used to 
examine wave propagation in Shallotte Inlet and the nearshore zones along Ocean Isle Beach and 
Holden Beach (see Figure 2 and Figure 3).   
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The Flow Grid was used to examine currents, sediment transport, erosion, and deposition over 
the same areas (see Figure 3).  Except for the removal of grid lines along the eastern and western 
ends of the grid to provide for stable coupling between SWAN and Delft3D-FLOW, the Flow 
Grid was identical to the Local Wave Grid.  Grid characteristics are summarized in Table 1. 
 

Table 1:  Ocean Isle Beach Model Grids 
 

  
Long- 
shore 
Grid 

Cross-
Shore 
Grid 

Grid Spacing 
(feet) Orthogonality (º) Grid 

Smoothness 

  Cells Cells Min. Max Min. Max Min. Max 
                  
Regional Wave Grid 163 55 1,761 8,643 85.4 90.0 1.00 1.21 
Intermediate Wave Grid 205 93 623 1,508 89.6 90.0 1.00 1.04 
Local Wave Grid 309 151 37 691 87.9 90.0 1.00 1.20 
Flow Grid 299 151 37 691 89.4 90.0 1.00 1.20 
                  

 
The modeling grids generally follow the guidelines established by Deltares (2011) for smoothing 
and orthogonality.  The smoothing values represent the change in cell size between two rows of 
grid cells.  Smoothing values of 1.1 and 1.2 indicate that the cell sizes between two rows of grid 
cells increase by 10% and 20%, respectively.  The maximum smoothing value recommended by 
the model’s developer is 1.2. The orthogonality is equivalent to the angle between the longshore 
and cross-shore grid lines, which should be at least 87.7 degrees within the area of interest. 
Except for the edges of the Regional Wave Grid, all grids follow the guidelines for smoothing 
and orthogonality established by Deltares (2011).   
 
3.2 Bathymetry 
 
Bathymetry over the modeling grids was based on the sources listed in Table 2.  The initial 
conditions to be depicted in each model simulation governed the data sources that were used.  
Further details regarding the bathymetry are discussed later in this appendix. 
 
4.0 HYDRODYNAMIC & METEOROLOGICAL DATA 
 
4.1 Waves 
 
Wave data sources appear in Table 3, Figure 2, and Figure 3.  NOAA Buoy 41013, which began 
operation in November 2003, was the primary source of directional wave data.  Offshore waves 
prior to November 2003 were taken from the non-directional observations at NOAA Buoy 
FPSN7.  Gaps in the wave records were filled using the National Oceanographic and 
Atmospheric Administration’s (NOAA) Wavewatch hindcast for the Western North Atlantic 
(NOAA, 2013e).  This source also provided the wave directions at NOAA Buoy FPSN7. 
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Table 2:  Bathymetric & Topographic Data Sources 
 

Survey Date Area Type Source 
SURVEYS: 

November 2012 Intracoastal Waterway Channel Surveys USACE (2013) 

May 2012 East & West Ends of 
Ocean Isle Beach  Beach Profiles McKim & Creed (2012) 

Jan.- July 2012 Intracoastal Waterway Channel Surveys USACE (2013) 
December 2011 Shallotte River Hydrographic Survey USACE (2013) 

May 2010 Shallotte Inlet Post-Construction 
Borrow Area Survey Dennis (2012a) 

May 2010 Ocean Isle Beach 
Eastern Half 

Post-Construction Pay 
Profiles Dennis (2012a) 

April 2010 Shallotte Inlet Pre-Construction 
Borrow Area Survey Dennis (2012a) 

April 2010 Ocean Isle Beach 
Eastern Half 

Pre-Construction Pay 
Profiles Dennis (2012a) 

April 2009 
Shallotte Inlet, Ocean 

Isle Beach, & West End 
of Holden Beach 

Inlet Survey & Beach 
Profiles Dennis (2012a) 

April 2006 West End of Holden 
Beach Beach Profiles Dennis (2012a) 

March 2006 Ocean Isle Beach Beach Profiles Dennis (2012a) 
February 2003 Bald Head Island Beach Profiles Dennis (2012b) 

Nov. - Dec. 2002 Oak Island Beach Profiles Dennis (2012b) 
May 2002 Shallotte Inlet Inlet Survey Dennis (2012a) 

December 2001 
Ocean Isle Beach & 
West End of Holden 

Beach 
Beach Profiles Dennis (2012a) 

October 2001 Oak Island Beach Profiles Dennis (2012b) 
January 2000 Oak Island Beach Profiles Dennis (2012b) 
January 2000 Holden Beach Beach Profiles Dennis (2012b) 

1934 Shallotte River Hydrographic Survey NOAA (2012) 
DIGITAL ELEVATION MODELS (DEMs): 

Aug. - Oct. 2001 Brunswick County LIDAR-Based Digital 
Elevation Model 

NC Floodplain Mapping 
Program (2010) 

c. 1924-1970 North & South Carolina US Coastal Relief 
Model NOAA (2013d) 
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Table 3:  Hydrodynamic & Meteorological Data Sources 

 
  NC-NAD83 NAD83 
  Easting (feet) Northing (feet) Lat. (°N) Long. (°N) 

 
WAVES: 

     
41013 2,383,626 -111,867 33.43600000 77.74300000 
FPSN7 2,430,064 -93,405 33.48500000 77.59000000 
OCP1 2,258,553 58,617 33.90800000 78.14800000 
41024 / SUN2 2,155,185 36,069 33.84800000 78.48900000 
Offshore ADCP 2,181,227 42,786 33.86605469 78.40311374 
Inlet ADCP 2,187,919 56,734 33.90426283 78.38078795 

 
WATER LEVELS: 

     
Sunset Beach Tide Gage 8659897 2,149,688 42,229 33.86500000 78.50700000 
Oak Island Tide Gage 8659897 2,278,703 56,491 33.90166667 78.08166667 
Ferry Landing Tide Gage 2,183,895 56,433 33.90350556 78.39405278 
Ocean Isle Beach Pier Tide Gage 2,171,303 49,890 33.88573333 78.43566667 
          

 
Observed waves at gages OCP1, SUN2, the Offshore ADCP, and the Inlet ADCP were used in 
the model calibration process.  Directional measurements at gages OCP1 and SUN2 were 
provided by the Coastal Ocean Research and Monitoring Program (http://www.cormp.org/).   
 
The Offshore ADCP was a Nortek AWAC Acoustic Doppler Current Profiler (ADCP) (see 
Figure 4), which was deployed from October 18 through November 29, 2012.  Measurements at 
the Offshore ADCP were used in the calibration of the SWAN wave transformation model.  
Configuration of the instrument is summarized in Table 4. 
 
The Inlet ADCP was initially deployed over the same dates.  However, during the recovery 
operation, extensive disturbance of the instrument was found.  The Inlet ADCP’s pitch and roll 
records suggested that disturbance of the instrument occurred on October 18, 2012.  Data 
recorded after this date could not be used.  Accordingly, the Inlet ADCP was deployed a second 
time from November 30 to December 20, 2012.  The data that was collected during the second 
deployment was reviewed, deemed acceptable, and subsequently used in the calibration of the 
Delft3D-FLOW model and the verification of the SWAN model.  The configuration of the Inlet 
ADCP is summarized in Table 4. 

http://www.cormp.org/
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Figure 4:  Photograph of Offshore ADCP during the October 17-18, 2012 Placement Operation. 
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Table 4:  Ocean Isle Beach ADCP Configuration 
 

  
Offshore ADCP 
(Nortek AWAC) 

Inlet ADCP 
(Nortek Aquadopp) 

Current Profiles: 
Profile Interval (seconds) 600 600 
Number of Vertical Profiling Layers 13 20 
Cell Size (meters) 1 0.5 
               (feet) 3.3 1.6 
Average Interval (seconds) 60 60 
Blanking Distance (meters)* 1 0.5 
                              (feet) 3.3 1.6 
Compass Update Rate (seconds) 600 600 

Wave Measurements: 
Number of Samples 2048 2048 
Sampling Rate (Hz) 2 2 
Interval (seconds) 3600 3600 

Miscellaneous: 
Duration (days) 60 60 
Depth (meters) 14 10.5 
          (feet) 45.9 34.4 
Battery Utilization (Watt-hours) 448.2 122.0 
Memory (MB) 69.5 69.3 
Vertical Velocity Precision (cm/second) 0.7 0.7 
                                          (feet/second) 0.023 0.023 
Horizontal Velocity Precision (cm/second) 2.2 2.2 
                                               (feet/second) 0.072 0.072 

*NOTE:  Equal to the vertical distance between the seafloor and the lowest profiling layer. 
 
4.2 Water Levels 
 
Tidal datums along the study area were based on published values at the Oak Island Tide Gage 
(see Table 5).  Additional characterization of the open-ocean tides was based on the observed 
record at the Sunset Beach Tide Gage between November 14, 2003 and March 16, 2008 (NOAA, 
2013a).  The additional analysis is discussed later in this appendix.  To provide site-specific 
measurements for the Delft3D-FLOW calibration, two more tide gages were deployed at the 
Ocean Isle Beach Pier and the Ferry Landing pier at the north end of Shallotte Blvd (see Table 3 
and Figure 3) between October 16, 2012 and January 2, 2013.  At both gages, the majority the 
data was found to be acceptable for use in the calibration of the Delft3D-FLOW model. 
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Table 5:  Tidal Datums at the Oak Island Tide Gage (NOAA Station 8659182) 

 
          

TIDAL DATUM ABBREV. ELEV. ELEV. ELEV. 
    (feet MLLW) (feet MSL) (feet NAVD) 

          
          

MEAN HIGHER HIGH WATER MHHW 5.26 2.72 2.16 
MEAN HIGH WATER MHW 4.89 2.35 1.79 
NAVD NAVD 3.10 0.56 0.00 
MEAN SEA LEVEL MSL 2.54 0.00 -0.56 
MEAN TIDE LEVEL MTL 2.53 -0.01 -0.57 
NGVD NGVD 1.99 -0.55 -1.11 
MEAN LOW WATER MLW 0.16 -2.38 -2.94 
MEAN LOWER LOW WATER MLLW 0.00 -2.54 -3.10 

          
 
4.3 Winds 
 
Long-term wind statistics, discussed later in this appendix, were based on wind velocity 
measurements at NOAA Buoys 41013 and FPSN7.  The time- and space-dependent winds used 
in the SWAN calibration and flow calibrations were taken from the NOAA Wavewatch hindcast 
for the Western North Atlantic (NOAA, 2013e).   
 
5.0 CALIBRATION 
 
5.1 SWAN Model Calibration 
 
Calibration of the SWAN wave transformation model was performed using wave and water level 
measurements collected between October 22 and November 14, 2012.  Hurricane Sandy passed 
the study area offshore between these dates. 
 
Bathymetry 
 
Bathymetry during the calibration period was based on the following data sources (see also Table 
2): 
 

1. The May 2012 beach and inlet survey. 
2. The 2012 Atlantic Intracoastal Waterway (AIWW) surveys. 
3. The 2011 Shallotte River survey. 
4. May 2010 surveys. 
5. April 2010 surveys. 
6. April 2009 surveys. 
7. The 2002 Oak Island survey. 
8. The 2001 Oak Island survey. 
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9. The January 2000 Holden Beach and Oak Island surveys. 
10. The 1934 Shallotte River survey. 
11. North Carolina Floodplain Mapping program DEM. 
12. The U.S. Coastal Relief Model. 

 
The May 2012 survey was the primary data set.  Grid points outside the area surveyed in May 
2012 were covered by the other sources in the order listed above, with the U.S. Coastal Relief 
Model as the data set of last resort.  The resulting bathymetry appears in Figure 5 through Figure 
8. 
 
In general, the regional bathymetry follows a series of arcs whose endpoints are defined by Cape 
Fear (E = 2,300,000’ in Figure 5) and the entrance to Winyah Bay near Georgetown, SC (E = 
1,950,000’ in Figure 5).  The most prominent bathymetry features offshore are the Frying Pan 
Shoals, which extend from the tip of Cape Fear at depths ranging from -10 to -20 feet NAVD 
(see Figure 5).   
 
The local bathymetry is characterized by Shallotte Inlet and the Shallotte River (see Figure 7 and 
Figure 8).  The southernmost extent of the Shallotte River forms a 3½ long basin, with depths on 
the order of -8 feet NAVD (see Figure 7).  This area connects with the Atlantic Ocean via the 
AIWW and Shallotte Inlet, whose deepest depths are on the order of -20 feet NAVD (see Figure 
8). 
 
Waves 
 
Input waves on the offshore boundary of the Regional Flow Grid were based on spectral wave 
measurements at NOAA Buoy 41013 (see Table 3 and Figure 2).  The input waves were given 
on an hourly basis in terms of power spectral density (in m2/Hz) and direction as a function of 
frequency (see Figure 9).  A summary of the input wave conditions over the calibration period as 
a whole appears in Figure 10.  
 
Winds 
 
Input winds were given as time- and space-dependent wind fields, which were taken from the 
NOAA Wavewatch hindcast for the Western North Atlantic (NOAA, 2013e).  A typical wind 
field appears in Figure 11.  In general, the wind fields were consistent with measurements at the 
various buoys in Table 3 and Figure 2.  Local wind velocities at NOAA Buoy 41013 appear in 
Figure 10. 
 
Water Levels 
 
Water level measurements at the Ocean Isle Beach Pier Tide Gage were only available during 
isolated portions of the calibration period – October 23 to 27 and October 31 to November 14.  
Accordingly, input water levels were based on continuous depth measurements at wave gage 
OCP1 (see Table 3, Figure 2, and Figure 12).  As a first approximation, water levels were 
assumed to be uniform over the model domain.  
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Figure 7:  Local W
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Figure 8:  Shallotte Inlet Estim
ated M

ay 2012 B
athym

etry. 
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Figure 9:  Typical Input Wave Spectrum. 
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Figure 12:  Input Water Levels during the SWAN Calibration. 

 
Model Results 
 
Calibration of the SWAN model was performed by varying the values of the JONSWAP bottom 
friction coefficient.  All other model parameters were set to their default values.  The model 
results were then compared to the observed wave heights at the Offshore ADCP and OCP1 (see 
Figure 2, Table 3, and Table 6).  Due to the disturbance of the instrument, measurements at the 
Inlet ADCP could not be used to evaluate the model results.  The best model results at the 
Offshore ADCP and OCP1 were achieved by setting the JONSWAP bottom friction coefficient 
to 0.064 (see Table 6, Figure 13, and Figure 14). 
 
Typical model results over the various grids appear in Figure 15 through Figure 17.  On either 
side of Cape Fear, wave heights underwent reductions due to bottom friction, shoaling, and 
refraction.  However, due to the presence of the Frying Pan Shoals, wave heights on the western 
side of Cape Fear tended to be lower than those on the eastern side (see Figure 15 and Figure 
16).  Near Shallotte Inlet, waves along the fringe of the ebb shoal during the passage of 
Hurricane Sandy were roughly 2/3 of their offshore value (see Figure 13, Figure 15, and Figure 
17).  Near Shallotte Blvd., wave breaking occurred relatively close to the shoreline (see Figure 
17).  East of this location, wave breaking occurred somewhat further offshore due to the presence 
of the Shallotte Inlet ebb shoal (see Figure 17). 
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Figure 15:  Typical SWAN Calibration Results over the Regional Wave Grid. 
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Figure 16:  Typical SW
A

N
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alibration R
esults over the Interm

ediate W
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Figure 17:  Typical SW
A

N
 C

alibration R
esults near Shallotte Inlet. 
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Table 6:  Summary of SWAN Calibration Results 
 

JONSWAP 
Bottom 
Friction 

Simulated Hs –  
Observed Hs (feet) 

OCP1 

Simulated Hs –  
Observed Hs (feet) 

Offshore ADCP 

Simulated Hs –  
Observed Hs (feet) 

Avg. of Both Locations 
Coef. Mean RMS Mean RMS Mean RMS 
0.056 0.14 0.54 0.04 0.57 0.09 0.56 
0.060 0.07 0.50 -0.02 0.55 0.03 0.53 
0.064 

(selected) 0.02 0.47 -0.08 0.55 -0.03 0.51 

0.067 
(default) -0.03 0.48 -0.12 0.55 -0.08 0.52 

0.084 -0.23 0.47 -0.34 0.64 -0.29 0.56 
0.100 -0.38 0.58 -0.51 0.76 -0.45 0.68 

 
5.2 Flow Calibration 
 
Calibration of the hydrodynamics within the Delft3D-FLOW model was performed using 
current, wave, and water level measurements between November 30 and December 20, 2012.  
This time period corresponds to the second deployment of the Inlet ADCP, during which value 
data was collected.   
 
To account for the effects of waves, the Delft3D-FLOW model was coupled with SWAN during 
each calibration run.  Thus, the flow calibration results could also be used to verify the SWAN 
model calibration detailed above. 
 
Bathymetry 
 
Bathymetry during the calibration period was identical to the bathymetry used in the calibration 
of the SWAN model (see Figure 5 through Figure 8). 
 
Water Levels 
 
Water levels on the offshore boundary of the flow grid were equal to those measured at the 
Ocean Isle Beach Pier (see Figure 18).  Observed water levels at the Ferry Landing tide gage and 
the Inlet ADCP were used to evaluate the results of the model. 
 
Waves 
 
Input waves on the offshore boundary of the Regional Flow Grid were based on hourly, observed 
wave spectra at NOAA Buoy 41013 (see Table 3 and Figure 2).  A summary of the input wave 
conditions over the flow calibration period appears in Figure 19. 
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Figure 18:  Observed Water Levels during the Flow Calibration. 
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Figure 19:  Summary of Input Wave Conditions during the Flow Calibration Period. 
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Winds 
 
Similar to the SWAN calibration, input winds were given as time- and space-dependent wind 
fields, which were taken from the NOAA Wavewatch hindcast for the Western North Atlantic 
(NOAA, 2013e).  A typical wind field appears in Figure 20.  Local wind velocities at NOAA 
Buoy 41013 appear in Figure 19.   
 
Model Results 
 
Calibration of the hydrodynamics within Delft3D-FLOW was performed by varying the values 
of the Chezy bottom friction coefficient for flow.  Higher values of the Chezy bottom friction 
coefficient lead to higher currents and less friction; lower values lead to lower currents and more 
bottom friction.  All other hydrodynamic model parameters were set to their default values, 
except for the bottom friction coefficient used in the SWAN model (see Table 6).  Model results 
were evaluated near the Inlet ADCP to determine the most suitable value of the bottom friction 
coefficient.  The best fit between the simulated and observed currents was achieved by setting 
the Chezy bottom friction coefficient to 65, which was the default value (see Table 7). 
 

Table 7:  Summary of Flow Calibration Results 
 

Chezy 
Bottom 
Friction 

Simulated – Observed 
Current (feet/s) 

OCP1 
Coefficient Mean RMS 

30 -0.16 1.23 
40 -0.23 1.01 

65 (selected) -0.31 0.86 
102 -0.33 0.89 
129 -0.38 0.94 

 
Typical model results appear in Figure 21 through Figure 27.  In general, agreement between the 
simulated and observed currents was satisfactory, and agreement between the observed and 
simulated water levels was good.  In addition, simulated wave heights at the Inlet ADCP and 
OCP1 (Table 3, Figure 2, and Figure 27) were consistent with their observed values. 
 
In general, both the model results and the observations suggest that the currents near the Inlet 
ADCP are ebb dominated (see Figure 21).  Currents are on the order of 2 to 4 feet/second during 
peak flood and 2 to 5 feet/second during peak ebb.  The model results also suggest that strong 
currents in both the throat of the inlet and the AIWW just east of the inlet (see Figure 24 and 
Figure 25).  This appears to be due to the constriction of flow between the south end of the 
Shallotte River basin and the north end of Shallotte Inlet. 
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Figure 20:  Typical Input W
ind Field during the Flow

 C
alibration. 
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Figure 21:  Simulated and Observed Currents near the Inlet ADCP during the Flow Calibration. 
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Figure 22:  Sim

ulated and O
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Figure 23:  Sim

ulated and O
bserved W

ater Levels at the Ferry Landing Tide G
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Figure 24:  Typical Sim
ulated C

urrents during Peak Flood. 
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Figure 25:  Typical Sim
ulated C

urrents during Peak Ebb. 
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Figure 26:  Typical Sim
ulated W

ater Levels. 
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Figure 27:  Typical Simulated and Observed Waves during the Flow Calibration. 
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5.3 Calibration of Sediment Transport, Erosion, & Deposition 
 
Calibration of sediment transport, erosion, & deposition within the Delft3D-FLOW model was 
performed based on the volume changes between April 26, 2007 and April 26, 2010.  This period 
of time began shortly after the 2006-2007 beach renourishment project, and ended immediately 
prior to the 2010 beach renourishment project. 
 
Initial Bathymetry 
 
The initial bathymetry was based on the April 2007 survey of Ocean Isle Beach, Shallotte Inlet, 
and Holden Beach.  Areas outside the 2007 survey limits were filled using the July 2012 surveys 
of the AIWW, the 2011 and 1934 surveys of the Shallotte River, the January 2000 survey of 
Holden Beach, DEMs 
 
The initial bathymetry was based on the following data sources (see also Table 2): 
 

1. The April 2007 survey of Ocean Isle Beach, Shallotte Inlet, and Holden Beach. 
2. The 2012 Atlantic Intracoastal Waterway (AIWW) surveys. 
3. The 2011 Shallotte River survey. 
4. The 2002 Oak Island survey. 
5. The 2001 Oak Island survey. 
6. The January 2000 Holden Beach and Oak Island surveys. 
7. The 1934 Shallotte River survey. 
8. North Carolina Floodplain Mapping program DEM. 
9. The U.S. Coastal Relief Model. 

 
The April 2007 survey was the primary data set.  Grid points outside the area surveyed in April 
2007 were covered by the other sources in the order listed above, with the U.S. Coastal Relief 
Model as the data set of last resort.  The resulting bathymetry appears in Figure 28 and Figure 
29.  The primary features of the bathymetry near the project area are the Shallotte Inlet channel 
and the 2006-2007 borrow area, which was not completely dredged (see Figure 29).  
 
Water Levels 
 
Water levels on the offshore boundary of the flow grid were schematized in terms of a simple, 
sine-wave tide with a period of 12.4 hours, a mean tide level value of -0.6 feet NAVD, and an 
amplitude of 2.4 feet based the mean high water and mean low water elevations in Table 5. 
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Figure 28:  Initial C
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Figure 29:  Initial Conditions Based on the April 2007 Survey (closeup). 
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Hypercube Method for Estimating Nearshore Waves 
 
To develop wave cases using the wave record at NOAA Buoy 41013, a concurrent record of 
nearshore waves was developed at the Offshore ADCP location (see Table 3 and Figure 2).  Due 
to the multi-year record length at NOAA Buoy 41013, modeling each hourly wave record using 
the SWAN model was not possible. As an alternative, the Hypercube technique has been 
developed by the Environmental Hydraulic Institute of the University of Cantabria, Spain 
(Instituto de Hidraulica Ambiental de la Universidad de Cantabria - IH Cantabria). It consists of 
simulating a large number of deep water wave cases in SWAN using different combinations of 
wave height, period, and direction that cover the entire ranges of these parameters (see Table 8).  
Using three-dimensional (“cube”), linear interpolation, a multi-year time series of the waves 
closer to the shoreline can be constructed based on the concurrent wave record further offshore 
and the SWAN results for each wave case (see Figure 30).  This procedure is similar to the 
lookup method used to couple GENESIS to an external wave transformation model (Hanson & 
Kraus, 1989, p. 74). However, the number of wave cases is much larger; the total number of 
wave cases summarized in Table 8 is 901. 
 

Table 8:  Summary of Hypercube Wave Cases at NOAA Buoy 41013 
 

Sign. Wave Height 
Peak Wave 

Period Wave Direction 
(m) (feet) (sec.) (deg.) 

        
0.0 0.0 2 0.0 
1.0 3.3 3 22.5 
2.0 6.6 4 45.0 
3.0 9.8 5 67.5 
4.0 13.1 6 90.0 
5.0 16.4 7 112.5 
6.0 19.7 8 135.0 
7.0 23.0 9 157.5 
8.0 26.2 10 180.0 
9.0 29.5 11 202.5 

    12 225.0 
    13 247.5 
    14 270.0 
    15 292.5 
    16 315.0 
    17 337.5 
    18 360.0 
    19   
    20   
    21   
    22   
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Figure 30:  Schematic representation of the Hypercube methodology. 

 
To approximate the multi-year wave record at the Offshore ADCP, the observed wave record at 
NOAA Buoy 41013 was reviewed to delineate the wave cases summarized in Table 8.  An 
average wind velocity was added to each of the 901 wave cases used in the Hypercube analysis 
based on the winds that occurred during each wave case.  As a first approximation, water levels 
were assumed to be equal to the mean tide level (-0.57 feet NAVD) for all cases. 
 
Each of the 901 wave cases at NOAA Buoy 41013 was then run through the SWAN model to 
determine the corresponding wave height and direction at the Offshore ADCP.  The SWAN 
model was run in stationary mode, which assumed that changes to the waves with respect to time 
were slow in comparison to the time required for a wave to travel the lengths of each grid.  The 
multi-year wave record at NOAA Buoy 41013 and the SWAN model results were then fed into 
the lookup and interpolation algorithm in Figure 30 to estimate the concurrent wave heights and 
directions at the Offshore ADCP.   
 
Typical results based on the Hypercube method appear in Figure 31.  Due to the approximations 
that are required by the Hypercube method, the nearshore wave estimates do not follow the 
observed waves as closely as the calibration results appearing in Figure 13.  However, for the 
purposes of selecting wave cases, the estimated waves using the lookup method are sufficient.  
Wave cases based on the 2007-2010 wave record at NOAA Buoy 41013 and the estimated wave 
record at the Offshore ADCP over the same period of time are discussed below. 

SWAN Results for 901 Hs, Tp, 
and Direction Classes 
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Figure 31:  Typical Hypercube Results at the Offshore ADCP. 

 
Wave and Wind Cases 
 
To simulate 3 years of morphological change, a wave climate was developed using the offshore 
wave and wind record at NOAA Buoy 41013 (Figure 2).  For each hourly wave record offshore: 
 

1. A concurrent wave record at the Offshore ADCP location (Figure 2) was estimated using 
the Hypercube method detailed above.   

 
2. The nearshore wave energy flux (Pn) at the Offshore ADCP was estimated based on the 

following: 
 
Pn = EnCgn = nearshore wave energy in watts per m 
 
where: 
 

En = gHsn
2 = nearshore wave energy in Joules per m2 

                       (3,600,000 Joules = 1 KW-hour) 
 
Cgn = (1/2) (Ln/Tp){ 1 + [(4dn/Ln)/sinh(4dn/Ln)] } 
       = nearshore group wave velocity in m/s 
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Ln = [gTp
2/(2)] tanh(2dn/Ln) = wavelength in m at the Offshore ADCP 

 
and: 
 

 = seawater density = 1,025 kg/m3 (63.99 lbm/foot3) 
g = gravity = 9.81 m/s2 (32.2 feet/s2) 

Hsn = estimated significant wave height in m at the Offshore ADCP  
Tp = peak wave period in seconds 
dn = depth in m at the Offshore ADCP 

 
3. The amount of nearshore wave energy over each one hour (t = 3,600 seconds) sampling 

interval in KW-hour/m was estimated based on Pnt. 
 
Based on the estimates above, the offshore direction bands generating 95% of the nearshore 
wave energy were identified, as shown in Figure 32.  Waves originating from the north (7°) to 
the south-southeast (235°) at NOAA Buoy 41013 accounted for approximately 95% of the wave 
energy reaching the offshore ADCP between 2007 and 2010. 
 

 
Figure 32:  Portion of April 2007 to April 2010 Wave Record at Buoy 41013 Generating 95% of the 

Wave Energy at the Offshore ADCP. 
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The dark-colored wave records in Figure 32 were subsequently divided into 4 direction bands 
with 3 wave height classes each (see Figure 33 and Table 9).  Based on the remaining wave 
records, a “Miscellaneous” wave case was then added to represent calm conditions and times 
during which the predominant wave directions offshore were from land to sea.  Except for the 
“Miscellaneous” wave case, each wave case at NOAA Buoy 44013 represented a nearly equal 
amount of wave energy at the Offshore ADCP.  However, since higher, more energetic waves 
occurred less often than lower waves, the various wave cases did not represent an equal portion 
of the wave record with respect to time (% occurrence). 
 

 
Figure 33:  Wave Rose Showing Offshore Wave Cases Used in the Morphological Model 

Calibration. 
 
Wind velocities during each wave case were averaged based on the concurrent wind records at 
NOAA Buoy 44013, and were assumed to be uniform over the model grids in Figure 2 and 
Figure 3.  The default directional spreading value equivalent to 25 degrees was assumed for each 
wave case. 
 
The sequencing of the wave cases was based on the time of the year that each case would be 
most likely to occur (see Table 9).  Given the beginning of the calibration period (April 26, 
2007), the June wave case #10 was the first wave case, followed by wave cases 7, 4, 2, 1, 3, 5, 6, 
12, the “Miscellaneous” wave case, 11, 9, and 8.  This sequence of wave cases was repeated 3 
times, with each repetition representing one year. 
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Table 9:  April 2007 to April 2010 Wave Cases 
 

Case # 

RMS Sign. 
Wave 
Height 

Average 
Peak Wave 

Period 

Average 
Wave 

Direction 

Average 
Wind 
Speed 

Average 
Wind Dir. 

Sign. Wave Height Range 
(feet) 

Wave Direction Range 
(deg.) Most Freq. Percent Days of Days in 

Morphological 
Acceleration Factor 

  (feet) (sec.) (deg.) (mph) (deg.) Min. Max. Min. Max. Month Occur. Occur. Model Preliminary Adjusted 
                                

1 3.3 8.8 85 11.4 52 0.0 4.5 7 115 Oct. 22.72 249 3.10 80.31 90.01 
2 5.5 8.1 74 18.4 47 4.5 6.7 7 115 Sep. 11.18 123 1.55 79.06 88.61 
3 9.2 8.5 72 27.5 47 6.7 20.4 7 115 Oct. 4.97 54 1.55 35.13 39.38 

4 3.0 8.5 132 9.4 191 0.0 4.2 115 153 Aug. 15.82 173 3.10 55.91 62.67 
5 5.7 8.6 133 14.8 153 4.2 7.4 115 153 Dec. 4.84 53 1.55 34.25 38.38 
6 10.2 8.9 137 25.3 144 7.4 16.2 115 153 Dec. 1.47 16 1.55 10.40 11.66 

7 3.4 7.5 169 12.4 226 0.0 4.7 153 189 July 12.26 134 1.55 86.71 65.11 
8 6.4 8.0 171 17.5 225 4.7 8.3 153 189 April 3.55 39 1.55 25.08 18.83 
9 12.0 9.4 169 26.8 209 8.3 27.5 153 189 March 1.22 13 1.55 8.62 6.47 

10 3.9 6.0 209 16.1 249 0.0 5.1 189 235 June 10.32 113 1.55 72.98 54.81 
11 6.5 7.2 210 21.9 256 5.1 8.1 189 235 Jan. 3.71 41 1.55 26.21 19.68 
12 10.4 9.0 208 28.7 259 8.1 16.8 189 235 Dec. 1.60 18 1.55 11.32 8.50 

Misc. 5.8 5.8 318 22.1 318 All > 235 & < 7 Jan. 6.35 70 1.55 44.89 50.31 
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Morphological Acceleration Factors 
 
To decrease the time needed for the morphological computation, morphological acceleration 
factors were used, as described in Lesser et al (2004) and Benedet and List (2008).  The 
preliminary morphological acceleration factor M (Table 9, second-to-last column) was estimated 
according to the following: 
 

M = Tstudy period / Tmodel period 
 
where 
 
Tstudy period = (length of the study period) x (percent occurrence for each wave case) 
 
Tmodel period = duration of the wave case in the model simulation 

 
For example, a wave case that occurs 14 days a year can be simulated over 24 hours with an M 
value of 14.  With the Delft3D modeling community, it is common practice to use lower M 
values for high wave cases, when the most significant morphological changes occur, and higher 
M values for smaller wave cases, where little change takes place.  
 
To better simulate the sediment transport rates occurring along the study area, the morphological 
acceleration factors were adjusted.  Further details regarding that adjustment appear later in this 
section. 
 
Bottom Sediments 
 
The grain sizes of the bottom sediments govern both the type of sediment transport that occurs 
and the magnitude of the sediment transport.  Fine-grained (d < 0.10 mm) sediments are 
commonly schematized as cohesive.  Grain size information was gathered from the following 
sources (see Table 10): 
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Table 10:  Sources of Bottom Grain Size Information 

 
Samples Location Source 

2013 Ocean Isle Beach Samples OI_000 to OI_060 Present Study 

2009 Core Samples Shallotte Inlet Freedom of Information Act 
Request (Fauser, 2013) 

2005 Core Samples Shallotte Inlet Freedom of Information Act 
Request (Fauser, 2013) 

1994 Core Samples Shallotte Inlet & Tubbs Inlet Freedom of Information Act 
Request (Fauser, 2013) 

1998 Holden Beach Samples Holden Beach Freedom of Information Act 
Request (Fauser, 2013) 

1994 Ocean Isle Beach Samples OI_040 to OI_130 Freedom of Information Act 
Request (Fauser, 2013) 

USGS Coastal and Marine Geology 
Program Internet Map Server Offshore Areas USGS (2013) 

 
In most of the data sets in Table 10, the percentages of fine-grained materials were small.  
Accordingly, the bottom sediments were schematized as non-cohesive materials.  Using the grain 
size information from the sources above, several mappings of the mean grain size variation were 
developed as a function of location, initially by triangulating the mean grain sizes of the samples 
in phi units.  To allow for a variable grain size in the model, the grain size variation was 
summarized as two sediment fractions whose grain sizes were equal to the minimum and 
maximum values of the mean grain size in phi units: 
 

mean = (coarsest Pcoarsest + finest Pfinest) / 100% 
 
Pcoarsest + Pfinest = 100% 

 
where 
 
mean = Mean grain size in phi units as a function of location 
coarsest = Coarsest value ofmean (minimum phi size) over the model grid 
finest = Finest value ofmean (maximum phi size) over the model grid 
Pcoarsest = Percentage of material equal to the coarsest grain size a function of location 
Pfinest = Percentage of material equal to the finest grain size a function of location 

 
Given a known value of the mean grain size mean, along with the known values of coarsest and 
finest, there were two unknown values to determine at any given location – Pcoarsest and Pfinest.  
Using the two equations above, the two unknown values could readily be determined at any 
location within the model grid.  Over successive calibration runs, the variation of the mean grain 
size was adjusted to better fit the simulated bathymetric and volume changes to the observed 
bathymetric and volume changes.  The final variation of the mean grain size appears in Figure 34 
and Figure 35, with the corresponding values of Pcoarsest and Pfinest in Figure 36 and Figure 37.
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Figure 35:  Final Variation of the M
ean G

rain Size in m
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Figure 36:  Final Variation of the Fine Sand Fraction w
ith R

espect to Location. 
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Figure 37:  Final Variation of the C
oarse Sand Fraction w

ith R
espect to Location. 
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Model Calibration and Results 

 
Calibration of sediment transport, erosion, & deposition within the Delft3D-FLOW model was 
performed in terms of the volume changes above -18 feet NAVD between the April 2007 and 
April 2010 beach surveys (see Figure 38 through Figure 40).  As an additional check, the 
bathymetry and bathymetric changes were evaluated in Shallotte Inlet.  Since the April 2010 
surveys only covered a small portion of the inlet, bathymetry and bathymetric changes in 
Shallotte Inlet were evaluated based on the April 2009 survey using the model results of the 2/3 
of the way through completion (see Figure 41 and Figure 42).  To improve the fit between the 
model results and the observed changes, the following model inputs were examined: 
 

 The variation of the mean grain size.  Four different variations of the mean grain size 
versus location were used.  The final variation of the mean grain sizes appears in Figure 
34 through Figure 37. 
 

 The selection of the wave cases.  Some researchers (Walstra, 2011) have suggested using 
the “CERC Equation” (USACE, 1990) or other longshore transport formulae to assist in 
the selection of wave cases (Walstra, 2011).  Selecting wave cases based on “CERC 
Equation” (USACE, 1990) did not appear to improve the results.  Accordingly, the 
method outlined earlier was utilized.  The resulting wave cases used in the final 
calibration appear in Table 9. 

 
 The values of the following model parameters: 

 
o BED & SUS:  These two values govern sediment transport due to currents, 

including wave-driven currents.  Of the various constants in the Delft3D-FLOW 
model, these value have the largest influence on the sediment transport, erosion, 
and accretion rates, and typically range from 0.5 to 2.0.  The final values adopted 
for the study area were BED = SUS = 1.00 

 
o BEDW & SUSW:  These two values govern the sediment transport associated 

with the orbital motions that waves generate over the water depth at a given 
location.  Higher values of BEDW and SUSW tend to increase onshore-directed 
sand transport and nearshore bar formation.  Typical value of BEDW & SUSW 
range from 0 to 0.3, but tend to be smaller in most studies. The final values 
adopted for the study area were BEDW = SUSW = 0.0125. 

 
o Horizontal Eddy Viscosity and Eddy Diffusivity:  These two values govern the 

horizontal, diffusive spreading of momentum and materials, respectively.  Higher 
values of either parameter increase the degree of diffusive spreading.  In the case 
of eddy diffusivity, increased spreading of material results in smoother 
bathymetric contours.  The default values of the horizontal eddy viscosity and 
eddy diffusivity are 1 and 10 m2/s, respectively.  The final values adopted for this 
study were an eddy viscosity of 4 m2/s, and an eddy viscosity of 1 m2/s. 
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Figure 38:  Simulated and Observed Volume Changes above -18 feet NAVD between April 2007 
and April 2010 Given Calibration Run 43 (Rejected). 
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Figure 39:  Simulated and Observed Volume Changes above -18 feet NAVD between April 2007 

and April 2010 Given Calibration Run 43B (Rejected) 
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Figure 40:  Simulated and Observed Volume Changes above -18 feet NAVD between April 2007 
and April 2010 Given Calibration Run 43A (Final Calibration). 
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Figure 41:  Simulated and Observed Bathymetry in Shallotte Inlet Given Calibration Run 43A (Final Calibration). 
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 The values of the morphological acceleration factors.  In some cases, the morphological 
acceleration factors can be adjusted to provide for more realistic sediment transport rates.  
In general, sediment transport along Ocean Isle Beach occurs in both directions – from 
east to west and from west to east.  However, most sources have estimated the net 
sediment transport direction to be from east to west along the majority of Ocean Isle 
Beach (CPE, 2012; Thompson, Lin, and Jones, 1999; Offshore and Coastal 
Technologies). 
 
Many of the model simulations were able to estimate some of the general erosion patterns 
(see Figure 38).  However, the net longshore transport based on the model results was 
from west to east, even along the midpoint of Ocean Isle Beach (see Figure 43, dotted 
line).  To increase the amount of sediment transport from east to west, the morphological 
acceleration factors were adjusted by: 

 
o Increasing the values for wave cases 1-6 and the “Miscellaneous” case by 12%.  

Wave cases 1-6 were generally associated with sediment transport from east to 
west. 
 

o Decreasing the values for wave cases 7-12 by 25%.  Wave cases 7-12 were 
generally associated with from west to east. 

 
The resulting values of the morphological acceleration factor appear in the last column of 
Table 9.  Adjusting the morphological acceleration factors enabled the model to estimate 
net littoral drift from east to west along the midpoint of Ocean Isle Beach (see Figure 43, 
thin, solid line).  Although the nodal point estimated by the model was located further 
west than the sediment budget would suggest (see Figure 43, thin and fat solid lines), the 
adjustment improved the model results as a whole (compare Figure 38 versus Figure 40).   
 
Larger adjustments morphological acceleration factors were also considered.  While these 
adjustments moved the nodal point closer to Profile OI_090 (see Figure 43, fat, solid line 
and dashed line), they did not improve the fit between the observed and simulated 
volume changes along Ocean Isle Beach (compare Figure 39 versus Figure 40).  Based 
on this finding, the morphological acceleration factors in the last column of Table 9 were 
adopted as the final values. 
 

Model results given the final calibration run 43A appear in Figure 40 through Figure 43.  
Overall, the model is able to reproduce the general erosion patterns along Ocean Isle Beach – 
high erosion rates from Shallotte Inlet to Profile OI_065 (Chadbourn Street) with stable beaches 
further to the west (see Figure 40).  On Holden Beach, the model is able to estimate high erosion 
rates along the west end of the island (HB365 to HB390), although it does not follow the 
observed erosion pattern exactly (see Figure 40).  Further to the east (HB300 to HB360), the 
model suggests a stable beach, while the 2007 and 2010 surveys indicate mild accretion.   
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Figure 43:  Net Sediment Transport Based on the Delft3D Model and the April 2007 to April 2010 Sediment Budget (CPE, 2012). 
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Within Shallotte Inlet the erosion and deposition in roughly the same locations as the 2007 and 
2009 surveys show (see Figure 42).  The differences in the appearance of the bathymetry are 
largely due to the infilling rates in the 2006-2007 borrow area and the main channel of the inlet 
just to the east (at X = 2,189,000 feet, Y = 54,000 feet in Figure 41, top graph).  The 2007 and 
2009 surveys indicate nearly complete refilling of the 2006-2007 borrow area and substantial 
infilling of the main channel (see Figure 41, top and middle graphs).  By comparison, the model 
estimated partial refilling of the borrow area and less infilling of the main channel (see Figure 
41, top and bottom graphs, and Figure 42). 
 
Overall, the Delft3D-FLOW model as calibrated is best suited to estimating general trends, 
rather than providing exact estimates of erosion rates into the future.  Given this finding, the 
most appropriate application of the model is evaluating the impacts and benefits of the various 
groin and/or beach fill alternatives relative to a no-action scenario.  The evaluation of the 
alternatives in the next section will focus on the advantage of each alternative relative to each 
other and the no-action scenario, rather than exact projections of beach fill or structural 
performance that would occur in future years. 
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Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 
SALT MARSH 
 No direct, indirect, or cumulative impacts are 
anticipated. Same as Alternative 1. Same as Alternative 1. Same as Alternative 1. Same as Alternative 1 

SHELLFISH 
No direct, indirect, or cumulative impacts are 
expected due to the remote location of the 
shellfish resources from Shallotte Inlet. 

Same as Alternative 1 Same as Alternative 1 Same as Alternative 1. Same as Alternative 1 

UPLAND HAMMOCK 
No direct or indirect impacts expected to upland 
hammock resources in the Permit Area, due to 
their distance from active construction area 
Cumulative impacts include potential salt water 
intrusion attributed to sea level rise. 

Same as Alternative 1 Same as Alternative 1 Same as Alternative 1. Same as Alternative 1 

INLET DUNES AND  DRY BEACHES 
No direct impacts are anticipated.  Natural erosion 
is expected to result in negative indirect impacts 
to 1-2 acres of inlet dune and 5-10 acres of inlet 
dry beach communities along Ocean Isle and 
Holden Beach.  Natural erosion along the extreme 
east end of the Ocean Isle Beach oceanfront 
shoreline, particularly near sandbag revetments 
would cause negative indirect impacts to suitable 
dry beach habitat for seabeach amaranth, 
shorebirds; possible increase in inundation of sea 
turtle nests. Reduction in recreational beach 
available.  Erosion along western end of Holden 
Beach would indirectly and negatively impact 
critical habitat for the piping plover (unit NC-17) 
and the loggerhead sea turtle (LOGG-T-NC-08). 

Same as Alternative 1 

Negative direct impacts of 0.6 acre of inlet dry beach 
habitat on Ocean Isle Beach are expected due to 
disturbance from construction activities and direct burial 
of invertebrate and infaunal species. No direct impacts 
are anticipated to the inlet dry beach habitat on Holden 
Beach.  An estimated 5-10 acres of inlet dry beach and 1-
2 acres of inlet dune habitat would be indirectly impacted 
due to erosion of the sand spit on Ocean Isle Beach and 
the west end of Holden Beach. Loss of this habitat would 
bring about negative indirect impacts to seabeach 
amaranth, shorebirds, nesting sea turtles, and recreational 
beach for humans. Additionally, should the erosion 
continue along the inlet beaches on Ocean Isle Beach and 
Holden Beach, piping plover overwintering Critical 
Habitat and nesting habitat could be impacted 

Direct and direct impacts would be the same as 
discussed for Alternative 3. The two year nourishment 
interval may not allow for full recovery of benthos 
populations within the intertidal flats and shoals in 
Shallotte Inlet, causing cumulative impacts to these 
habitats and associated communities.  This could 
indirectly impact foraging piping plovers which utilize 
the intertidal flats and shoals within Shallotte Inlet as 
part of their critical habitat Unit NC-17 

Direct impacts are the same as Alternative 1. Indirect 
impacts are the same as Alternative 3.  

INTERTIDAL FLATS AND SHOALS 
 Direct impacts expected to 11.2 acres of intertidal 
shoals within Shallotte Inlet due to periodic 
excavation of the authorized Federal borrow area. 
Approximately 10-15 acres of ephemeral inlet 
shoals could be removed and directly impacted in 
subsequent inlet dredging. Excavation of intertidal 
flats and shoals may indirectly impact bird and 
fish species that use them for foraging, refuge, 
spawning and nursery habitat.  An estimated 1-2 
acres of intertidal flats will be indirectly impacted 
due to changes in sediment transport within the 
inlet. No cumulative impacts are anticipated due 
to the dynamic and resilient nature of these 
environments.  

Same as Alternative 1 

Direct and indirect impacts are the same as Alternative 1.  
The two-year nourishment interval may prevent shoal 
reformation after dredging of the borrow area, retard or 
prevent infaunal recovery. Cumulative impacts of this 
disturbance every two years could substantially alter the 
benthic environment within the borrow area such that 
negative indirect impacts are incurred by piping plovers 
and piping plover critical habitat.  

Direct and indirect impacts would be the same as 
Alternative 1. The two-year nourishment interval may 
prevent these habitats within the borrow area from 
recovering completely, resulting in detrimental 
cumulative impacts to these habitats and the associated 
biological communities, including benthic infauna and 
the shorebirds, fishes and crustaceans that depend on 
them.  

Direct impacts would be the same as Alternative 1. 
Indirect impacts are expected for an estimated 1-2 
acres of intertidal habitat, most likely attributable to 
changes in sediment transport within the Shallotte 
Inlet system. Due to the 5-year nourishment interval, 
recovery and reformation of the flats and shoals is 
expected to occur, minimizing cumulative impacts.   

OCEANFRONT DUNE COMMUNITIES 
No direct impacts are anticipated on Ocean Isle 
Beach or Holden Beach. Indirect positive impacts 
incurred from increased stability provided by a 
wider, more stable beach; may promote additional 
dune growth and establishment of vegetation. 
Indirect positive impacts to biological resources 
utilizing oceanfront dunes as habitat. Positive 
cumulative impacts may result from periodic 
nourishment due to maintenance of dunes; 

Same as Alternative 1 Same as Alternative 1. Same as Alternative 1 Same as Alternative 1. 
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negative cumulative impacts may be incurred 
form sea level rise. 
OCEANFRONT DRY BEACH COMMUNITIES 
Periodic nourishment of the Federal project will 
result in direct impacts to approximately 15.1 
acres of dry beach on Ocean Isle Beach, including 
disturbance from construction activity and burial 
of infaunal communities. No direct impacts are 
anticipated for Holden Beach. Indirect impacts to 
0-5 acres is expected due to continued high rates 
of erosion along the east end of Ocean Isle Beach 
and the west end of Holden Beach.  Burial of 
infaunal prey during Federal nourishment will 
indirectly impact piping plovers and red knots.  
Temporary indirect benefits to nesting sea turtles 
via increased nesting habitat. Dry beach would 
continue to erode over time, reducing sea turtle 
nesting habitat and recreational beach 

Direct impacts would be the same as discussed under 
Alternative 1. Indirect impacts would be similar to 
Alternative 1, however, because the sandbag 
revetment is predicted to fail, the shoreline would be 
expected to retreat to a position it would have 
occupied in 2015 had sandbags not been present. This 
would cause the loss of dry beach that serves as 
important nesting and foraging habitat for sea turtles 
and shorebirds.  

During initial construction, approximately 16.5 acres of 
dry beach habitat will be impacted via sand placement, 
namely by disturbance from construction activity and 
burial of the infaunal community. Positive direct impacts 
include increased dry beach habitat for birds, sea turtles, 
and recreating humans.  Due to continued erosion, a total 
of 0-5 acres of oceanfront dry beach would be anticipated 
to be lost to indirect impacts.  Temporary removal of the 
infaunal prey base will indirectly impact nesting and 
roosting habitats for shorebirds.  The two-year 
nourishment interval may lead to limited recovery of 
infaunal resources, thereby reducing the habitat quality 
for shorebirds.   

Direct and indirect impacts would be the same as 
discussed under Alternative 3. The two-year 
nourishment interval may limit the recovery of 
infaunal resources between fill events on Ocean Isle 
Beach and cumulatively reduce the quality of 
shorebird foraging habitat. This may also cumulatively 
impact seabeach amaranth through repeated burial of 
seeds.  Nourishment intervals would likely increase to 
4 years after 14 years of nourishment, and then to 5 
years after 18 years of nourishment; thereby reducing 
cumulative impacts.  

Sand placement between the terminal groin and station 
90+00 is estimated to directly impact 16 acres of dry 
beach habitat. These direct impacts include mortality 
due to burial of invertebrates, reduction of foraging 
and nesting habitat for sea turtles and piping plovers. 
Sand placement will provide habitat for sea turtle 
nesting and roosting and foraging by sea birds and 
shore birds. Indirect impacts include the stabilization 
of 0-5 acres of oceanfront dry beach The cumulative 
effect of a 5 year nourishment interval is expected to 
maintain important habitat for sea turtles and colonial 
waterbirds, and shorebirds. 

WET BEACH  COMMUNITIES 
Direct impacts are expected for approximately 
14.4 acres of wet beach on Ocean Isle Beach due 
to sand placement during the Federal 
nourishment. Direct burial of infaunal prey 
community will indirectly impact piping plovers 
and red knots.  Continued high erosion rates will 
impact approximately 25-30 acres of wet beach 
within the Permit area, indirectly impacting 
shorebird, crustacean and fish foraging anticipated 
due to continued high erosion rates. Sandbags 
may also reduce wet beach habitat.  Infaunal 
communities will be directly impacted due to 
burial, however due to the resilient nature of these 
organisms, the impacts will be temporary.   

Same as Alternative 1 

Approximately 16.0 acres of the marine intertidal 
community along Ocean Isle Beach will be directly 
impacted during and following beach nourishment 
events. Infaunal communities will be directly impacted 
due to burial, however due to the resilient nature of these 
organisms, the impacts will be temporary.  Indirect 
impacts to 25-30 acres will affect shorebird, crustacean 
and fish foraging.   The two-year nourishment interval 
may cumulatively impact benthic infaunal communities 
by preventing full recovery between disturbances.   

Direct and indirect impacts would be the same as those 
described under Alternative 3.  

Approximately 15.6 acres of the marine intertidal will 
be directly impacted by burial during sand placement 
and terminal groin construction. Infaunal communities 
will be directly impacted due to burial, however due to 
the resilient nature of these organisms, the impacts 
will be temporary. Indirect impacts are expected for 
approximately 25-30 acres of intertidal habitat, which 
may affect shorebird, crustacean and fish foraging.  

SOFTBOTTOM COMMUNITIES 
Direct impacts include increased turbidity levels, 
direct removal, and burial of infaunal biota during 
dredging operations within Shallotte Inlet and 
following the disposal of the material during 
maintenance events. These direct impacts are 
anticipated for 161.1 acres of soft bottom habitat 
within the toe-of-fill and Shallotte Inlet borrow 
area. Negative indirect impacts include the 
temporary loss of prey for foraging fish and 
invertebrates from the dredged softbottom habitat.  
No cumulative impacts are anticipated. No 
impacts to soft bottom habitats within Holden 
Beach are anticipated 

Generally the same as Alt. 1; however, should the 
Town forego nourishment of the extreme east end of 
the island , the borrow area within Shallotte Inlet may 
not be utilized to the same extent as presented in Alt. 1 

Sand placement on Ocean Isle beach and excavation of 
the Shallotte Inlet borrow area would result in direct 
impacts to approximately 197.2 acres of soft bottom 
habitat. Indirect impacts would be similar to those 
discussed under Alternative 1, however, because the 
beach fill associated with Alternative 3 extends further 
east to station -5+00, these indirect effects would be 
slightly greater.  In total, 0-1 acres of softbottom would 
be indirectly impacted. Due to the extensive soft bottom 
resources outside of the permit area, no cumulative 
impacts are anticipated.  

Direct and indirect impacts would be the same as 
described under Alternative 3. Cumulative impacts 
within the borrow area could be incurred due to the 
two-year nourishment interval, as the frequent 
disturbance may deter full recovery of the soft bottom 
resources.  However, the increase in nourishment 
interval from two to four (after 14 years), and then five 
years (after 18 years) may minimize these cumulative 
impacts.   

Direct impacts are expected for approximately 180.7 
acres of soft bottom habitat. These direct impacts 
include removal and mortality of organisms within the 
borrow area, and burial of infuana within the toe-of-
fill. Indirect impacts include temporary removal of 
prey for foraging fishes; hindrance of fish movements 
by the terminal groin. After the initial construction of 
the terminal groin, cumulative impacts are expected to 
be the same as Alternatives 1 and 3.  

WATER QUALITY (TURBIDITY, TSS, AND NUTRIENTS) 

Direct impacts include temporary increases in 
suspended sediment and turbidity in the 
immediate area of dredge and fill operations 
within the nearshore environment. Elevated 
turbidity levels can subsequently clog fish gills, 
reduce invertebrate recruitment, cause low oxygen 
events, and mortality of organisms in the soft 
bottom community. No cumulative impacts to 

Same as Alternative 1 

Direct and indirect impacts would be similar to those 
discussed under Alternative 1, however, the larger fill 
template under Alternative 3 would increase the duration 
of increased turbidity during each dredge and fill event.  
Cumulative impacts would be similar to those discussed 
under Alternative 1, although the relatively high 
renourishment rate would result in periods of elevated 
turbidity within the Permit Area on a more frequent 
basis 

Direct and indirect impacts to turbidity and TSS would 
be the same as discussed under Alternative 3. 
Cumulative impacts would be the same as described 
under Alternative 1, albeit on a more frequent basis 
due to the 2 year nourishment interval. The frequency 
of impacts will be reduced when the nourishment 
interval increases to 4 years, and then 5 years. No 
direct, indirect, or cumulative impacts to nutrients are 
anticipated.  

Similar as Alternative 1; however, excavation require 
for construction of terminal groin may cause 
additional temporary elevated turbidity levels. 
Cumulative impacts would be similar to Alternative 1, 
albeit less frequent due to the 5-year nourishment 
interval. No direct, indirect, or cumulative impacts to 
nutrients are anticipated. 
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water quality are expected. 

No direct, indirect or cumulative impacts to 
nutrients are anticipated. 

WATER COLUMN (HYDRODYNAMICS, SALINITY, LARVAL TRANSPORT 
Due to the large volume of water moving through 
the Shallotte Inlet system, no direct, indirect, or 
cumulative impacts to hydrodynamics and salinity 
are anticipated. Likewise, no impacts are expected 
for larval transport. Of important note, some 
winter and spring-spawning fishes are expected 
within the project area and may therefore be 
impacted.  

Same as Alternative 1; however, should the Town 
decide to forgo its attempts to nourish the extreme east 
end of the island, the frequency and/or duration of 
dredging within Shallotte Inlet may be reduced, 
thereby further limiting impacts to larval transport 
through the inlet 

Same as Alternative 1. Same as Alternative 1. 

Impacts to hydrodynamics and salinity would be the 
same as Alternative 1. Due to the comparatively short 
nature of the terminal groin, the project is not expected 
dot impact larval transport within the inlet system. 
While some larva may be entrained by the dredge, it is 
scheduled to occur outside the times of peak juvenile 
fish settlement.  Of important note, some winter and 
spring-spawning fishes are expected within the project 
area and may therefore be impacted. 

PUBLIC SAFETY 
Positive direct and indirect impacts include storm 
damage reduction to homes and infrastructure in 
Federal nourishment area. Public safety will be 
temporarily impacted due to the usage of heavy 
machinery within Shallotte Inlet and along the 
oceanfront shoreline Ocean Isle Beach Continued 
erosion leaves at least 45 homes and other 
infrastructure vulnerable to erosion and presents 
a significant public safety hazard due to 
unstable roadways, debris from demolished 
homes, and unstable water and sewer pipes.  
These impacts may include the release of 
sewage and other hazardous materials onto the 
beach and into the coastal waters resulting in 
closed areas of the beach impeding recreation. 
Continued erosion, exacerbated by sea level rise, 
could result in cumulative impacts including 
continued demolition activities, road 
undermining, and exposure of utilities.   

Same as Alternative 1, however, with no action being 
taken to protect threatened homes and infrastructure 
via the utilization of sandbags, damages would occur 
continuously throughout the 30-year analysis period 
rather than in 5-year increments as in Alternative 1 

Although the presence of heavy machinery within 
Shallotte Inlet and along the oceanfront shoreline of 
Ocean Isle Beach would directly impact public safety, 
construction will be temporary and take place outside of 
peak public use of these areas. Management of erosion 
along extreme eastern end of Ocean Isle Beach would 
provide protection to homes and infrastructure in the 
area. The removal or burial of sandbags would improve 
public safety. These impacts will be incurred every 2-
years during maintenance nourishment. 

Direct and indirect impacts are the same as discussed 
under Alternative 3. These impacts will occur every 
two years for the first 14 years after initial 
construction.  Thereafter, impacts would be reduced to 
a 4 year interval (after year 14), and then 5 year 
interval (after year 18). 

Direct and indirect impacts would be the same as 
discussed under Alternative 3. These impacts will be 
incurred every 5-years during maintenance 
nourishment.  

AESTHETIC RESOURCES 
Direct impacts could include the presence of 
construction equipment for maintenance 
nourishment of the Federal project, which would 
temporarily detract from the aesthetics of the 
waterways and beach of Ocean Isle Beach.  
Indirect and cumulative impacts could include a 
significant loss of land, personal property, and 
roads, which would negatively affect the aesthetic 
quality of Ocean Isle Beach.   

Same as Alternative 1.  Also, deterioration of 
sandbags, if abandoned, would further reduce aesthetic 
quality of the beach.  

The presence of construction equipment would 
temporarily detract from the aesthetics of the waterways 
and beach of Ocean Isle Beach. This would occur every 
two years.   

Direct and indirect impacts would be the same as 
described under Alternative 3. These impacts will 
occur every two years for the first 14 years after initial 
construction.  Thereafter, impacts would be reduced to 
a 4 year interval (after year 14), and then 5 year 
interval (after year 18). 

Temporary direct negative impacts to aesthetic 
resources will occur due to the presence of 
construction equipment used for dredging, sand 
placement and terminal groin construction. These 
impacts will be incurred every 5 years, therefore 
cumulative impacts will be minimal. 

RECREATIONAL RESOURCES 
Negative direct impacts will include the reduction 
of recreational opportunities during nourishment 
events. As the erosion continues along the 
effected stretch of shoreline on Ocean Isle Beach, 
recreational opportunities such and 
beachcombing, sunbathing, surf fishing, and 
walking along the beach may be negatively 
impacted.   

Same as Alternative 1 

Direct impacts would be similar to those described for 
Alternative 1.  Recreational resources (surf fishing, bird 
watching, etc.) will indirectly benefit from increased size 
and extent of the nourished beach. However, recreational 
activities will be interrupted every two years.   

Same as Alternative 1 

Direct impacts would be similar to those described for 
Alternative 1. Indirect impacts include increased area 
for recreational activities due to increased beach size. 
Recreational activities will be temporarily interrupted 
within the Permit area every 5 years.  
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NAVIGATION 
Dredging in Shallotte Inlet at three year intervals 
will benefit navigation due to a maintained depth.  
During the dredging, however, navigation will be 
temporarily directly impacted due to the presence 
of pipelines within the waterway.  At no time 
during dredge operations will complete restriction 
of navigation occur in Shallotte Inlet.   

Same as Alternative 1 

Navigation will be directly negatively impacted due to 
the presence of the dredge and pipeline during the 
implementation of Alternative 3.  No indirect or 
cumulative impacts are anticipated. 

Direct and indirect impacts would be the same as 
described under Alternative 3. These impacts will 
occur every two years for the first 14 years after initial 
construction.  Thereafter, impacts would be reduced to 
a 4 year interval (after year 14), and then 5 year 
interval (after year 18). 

Dredging in Shallotte Inlet will benefit navigation due 
to a maintained depth. During the dredging, navigation 
will be temporarily directly impacted due to the 
presence of pipelines within the waterway. At no time 
will complete restriction of navigation occur in 
Shallotte Inlet during dredge operations.  The terminal 
groin will be clearly marked; therefore it should not 
pose a threat to boats. 

INFRASTRUCTURE 
Positive direct and indirect impacts incurred for 
existing infrastructure located west of 15+00 due 
to the short-term protection provided by beach 
nourishment and sandbags.  East of 15+00 may 
experience negative direct impacts due to 
predicted erosion.  Negative cumulative impacts 
are anticipated as the threatened homes and 
infrastructure will not be protected in the long 
term. 

Similar as those described for Alternative 1, however, 
with no action being taken to protect threatened homes 
and infrastructure via the utilization of sandbags, 
damages would occur continuously throughout the 30-
year analysis period rather than in 5-year increments 
as in Alternative 1. 

Impacts to navigation will be the same as those 
described for Alternative 1. However, the frequency of 
renourishment activities will be every 2 years, 
resulting in increased temporary impacts to navigation 
as a result of the presence of dredge equipment in 
Shallotte Inlet. 

Positive direct, indirect and cumulative impacts to 
infrastructure due to long-term protection from erosion 
between stations -5+00 and 90+00 along the Ocean 
Isle Beach shoreline. 

Positive direct, indirect and cumulative impacts to 
infrastructure due to long-term protection from erosion 
between 148 ft. west of station 0+00 and 90+00 along 
the Ocean Isle Beach shoreline. 

SOLID WASTE 
Should the sandbagged homes along the extreme 
eastern end of Ocean Isle Beach succumb to 
erosion and become demolished, increased levels 
of solid waste would be expected.  Further to the 
west, no direct impacts will be anticipated due to 
the short term protection provided by beach 
nourishment, beach scraping, and installation of 
sandbags.  The debris generated from the 
demolition of homes and infrastructure could 
indirectly and cumulatively impact the amount of 
solid waste deposited in local sanitary landfills. 
Deterioration of sandbags could result in debris 
that becomes a threat to marine animals. 

As homes along the extreme eastern end of Ocean Isle 
Beach succumb to erosion and become abandoned or 
demolished, increased levels of solid waste would be 
expected.  Further to the west, no direct impacts will 
be anticipated due to the short term protection 
provided by the Federal beach nourishment project. 
Indirect and cumulative impacts incurred as the 
continued chronic erosion of the oceanfront shoreline 
along the east end of Ocean Isle Beach could result in 
debris generated from demolition of compromised 
sandbags, residential homes and infrastructure.  

Both short and long-term benefits are expected from the 
reduction of solid waste.  This alternative will provide 
protection along portions of Ocean Isle beach thereby 
decreasing the risk of damage to residential buildings and 
infrastructure.  This would alleviate the potential of 
increased amount of solid waste through demolition. 

Increased protection along portions of Ocean Isle 
Beach will decrease the risk of damage to homes and 
infrastructure, thereby reducing the potential for 
creation of solid waste created by demolition of 
compromised structures.  

Same as Alternative 4. 

ECONOMICS 

Over the 30-year analysis period, the total cost 
associated with Alternative 1 would be about 
$101.49 million.   

Over the 30-year analysis period, the total cost 
associated with Alternative 2 would be about $95.99 
million.  Note this is less than Alternative 1 due to 
exclusion of sandbags.  

Over the 30-year planning period, the total 
implementation cost for Alternative 3 would be about 
$115.50 million. 

Over the 30-year planning period, the total cost 
estimated for Alternative 4 is $62.13 million.  

The initial construction cost of Alternative 5 is 
$5,700,000, including construction of the structure as 
well as the fillet. The periodic nourishment cost every 
5 years, including fill within the fillet and advanced 
fill for the Federal project, is estimated at $6,575,000 

NOISE POLLUTION 

Dredging and fill operations would temporarily 
raise noise level in the area; however no indirect 
or cumulative impacts pertaining to noise 
pollution are anticipated. 

Same as Alternative 1. Same as Alternative 1. 
Direct impacts are the same as described for 
Alternative 1. No cumulative impacts are anticipated.  

The dredging of Shallotte Inlet, the placement of 
beach compatible material on the oceanfront and 
estuarine shoreline, use of a pile driver and heavy 
machinery to construct the terminal groin, would all 
temporarily raise the noise level in the areas.  No 
indirect or cumulative impacts pertaining to noise 
pollution are anticipated. 
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Executive Summary 
 
In 2012, Coastal Planning & Engineering of North Carolina, Inc. (CPE-NC) was 

authorized to provide services in support of the effort by the Town of Ocean Isle Beach (TOWN) 
to evaluate the feasibility of constructing a terminal groin on the east end of the TOWN’s 
shoreline near Shallotte Inlet. The terminal groin is designed to mitigate the chronic erosion 
problem caused by Shallotte Inlet’s influence on the movement of littoral sediment in this area.   

 
During the Ocean Isle Beach geotechnical investigations, CPE-NC researchers utilized 

existing U.S. Army Corps of Engineers (USACE) vibracore data from 1994, 1998, 2005, and 
2009 to assess the proposed beach fill sediment characteristics. On April 5, April 9, 2013, and 
January 23, 2014, CPE-NC collected beach samples and nearshore sediment samples along four 
(4) profiles, extending from the dune out to -20 ft. NAVD, to facilitate an evaluation of the 
borrow area’s compatibility with the existing beach.  The beach and nearshore samples analyzed 
by CPE-NC were obtained from the east end of Ocean Isle Beach between stations 0+00 and 
60+00 and incorporated with USACE data from native beach samples collected along profile 
station 40+00, extending from the dune out to -20 ft. NAVD.    

 
CPE-NC concentrated their investigation on the federally approved borrow area used for 

the Ocean Isle Beach storm damage reduction project.  The federal borrow area extends from the 
Atlantic Intracoastal Waterway (AIWW) through the throat of the channel and turns south over 
the ocean bar, realigning the channel perpendicular to the adjacent shorelines.  The original 
USACE borrow area was designed to have a maximum dredging depth of 15 ft. below MLW     
(-17.97 ft. NAVD) (USACE, 2002); creating a channel with 3H:1V sides slopes measuring 
approximately 950 ft. wide at the AIWW and 1,400 ft. wide at the bar channel.  The footprint of 
the borrow area covers approximately 4.8 million sq. ft. (110 ac) and was divided into eight (8) 
sub areas.   

 
CPE-NC conducted an independent review of the borrow area using multiple historic 

vibracore data sets obtained by the USACE, as well as considering the state sediment criteria 
rules (15A NCAC 07H .0312) and environmental concerns voiced by resource agencies through 
the Project Review Team (PRT) process.  This independent analysis resulted in the identification 
of a sub portion of the federally approved borrow area which is limited to the area dredged 
during the initial construction of the project in 2001.  The recommended borrow area has an 
estimated dredgeable volume of approximately 1,312,000 cy based on pre-construction surveys 
conducted in 2013. The compatibility of this borrow area with the existing beach was evaluated 
according to wet Munsell color, silt content, carbonate content and grain size. The compatibility 
analysis verified that the borrow area material met the allowable limits defined by Rule 15A 
NCAC 07H .0312. 
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INTRODUCTION 
 

Ocean Isle Beach is approximately 29,200 feet (5.5 miles) long and is located on the Atlantic 
Coast of southeastern North Carolina, in Brunswick County, 44 miles from Wilmington, North 
Carolina. It is situated between Shallotte Inlet on the east and Tubbs Inlet on the west and bound 
to the north by the Atlantic Intracoastal Waterway.  To the south the Town is bound by the 
Atlantic Ocean (Figure 1). 

 
Figure 1. Location map showing Ocean Isle Beach and the limits of the federal project. 

 
Brunswick County’s beaches are a major economic engine to the tourist based economies of the 
local Towns, the County, and the entire southeastern North Carolina region. In 2001, the U.S. 
Army Corps of Engineers (USACE) constructed a federal beach fill project for storm damage 
reduction that covered 17,100 feet (3.25 miles) of the Town of Ocean Isle.  The Ocean Isle 
Beach project is part of a larger project - the Brunswick County Beaches, North Carolina.  The 
project was authorized by Public Law 89-789 (House Document 511/89/2) dated November 6, 
1966 (Flood Control Act of 1966).  The Town of Ocean Isle Beach is the project sponsor.  As 
originally authorized, the project consisted of a main fill area with a 25-foot wide dune with a 
crest elevation of 9.5 ft. NGVD and a 50-foot wide berm constructed to 7 ft. NGVD with 
transition zones on either end.  The authorization also included periodic nourishment of the 
project with the nourishment interval of approximately three (3) years.  Fill material for the 
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proposed project was identified within Shallotte Inlet.  Figure 2 shows a map of the approved 
borrow area for the federal project.  Initial construction of the project in 2001 dredged 1.6 
million cubic yards of sand from the inlet borrow area.  Maintenance events constructed since the 
2001 initial construction have also utilized the inlet borrow area.   
 

 
Figure 2.  Map of approved borrow area for the federal project at Shallotte Inlet. 

 
The eastern end of Ocean Isle Beach between Shallotte Boulevard (Station 10+00) and Shallotte 
Inlet was not included in the federal project due to the predicted high rates of loss that would 
occur from beach fill placed in this area. Based on the USACE economic evaluation, the cost of 
protecting the extreme east end of the island exceeded the value of the development and 
infrastructure it would protect, and was therefore excluded from the federal project.  Although 
the western and central portion of the federal storm damage reduction project has performed very 
well, the eastern end of the island has seen continued erosion since initial construction in 2001 
despite substantial beach nourishment efforts. The federal beach nourishment project was unable 
to provide adequate and dependable protection against the chronic erosion and the damage 
caused by coastal storms. The Town and affected property owners have undertaken a concerted 
effort to lessen the erosional impacts by installing sandbag revetments along approximately 
1,400 feet of shoreline, beginning at a point west of Shallotte Boulevard and extending to the 
east end of the development.  
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An evaluation of the shoreline and volume changes along Ocean Isle Beach conducted by 
Coastal Planning & Engineering of North Carolina (CPE-NC) indicated that effects associated 
with Shallotte Inlet are the primary cause of the high rates of erosion along the eastern end of 
Ocean Isle Beach (Raleigh Street and east) (CPE-NC, 2012). The Shallotte Inlet and associated 
ebb tide delta contribute to the high erosion rates on the eastern end of Ocean Isle Beach via 
higher levels of wave energy striking the shore just west of Shallotte Inlet, flood tidal currents 
concentrated close to shore, and wave refraction patterns around the ebb tide delta. 
 
Given the failure of past efforts to address the erosion problem on the east end of the island with 
beach nourishment and temporary sandbag revetments, construction of a terminal groin has been 
proposed as an effective way to slow the rate of erosion. During the 2011 legislation session, the 
North Carolina Legislature passed Session Law 2011-387, Senate Bill 110, which allows 
consideration of terminal groins adjacent to tidal inlets. This legislation included a number of 
provisions and conditions that must be met in order for the terminal groin to be approved and 
permitted by both the Federal and State government.  One such requirement is that the “fillet” 
that would result on the up-drift side of the terminal groin be pre-filled with beach compatible 
material. 
 
The State of North Carolina has adopted specific sediment criteria for the emplacement of beach 
fill along the oceanfront shoreline (15A NCAC 07H.0312). These rules were adopted by the 
North Carolina Coastal Resource Commission (CRC), in February 2007, and later amended in 
April 2008 and September 2013. The material used to pre-fill the terminal groin fillet must 
adhere to these standards in order to obtain a Major CAMA Permit for the project.  

 
The proposed source of sand for the terminal groin project is the existing authorized borrow 
source within Shallotte Inlet that was used by the USACE for the Federal Storm Damage 
Reduction Project for Ocean Isle Beach (Figure 2).  Recent changes to the State Technical 
Standards for Beach Fill Projects (15A NCAC 07H.0312) allow for an applicant to use two sets 
of sampling data (with at least one dredging event in between) from maintained navigation 
channels or sediment deposition basins within the active nearshore, beach or inlet shoal system 
to characterize material for subsequent nourishment events from those areas.  This report 
examines two sets of sampling data collected by the USACE within the Shallotte Inlet Borrow 
Area, and compares sediment characterization data from the borrow area with the existing beach 
sediment characteristics to verify that the proposed source of sand meets the State Technical 
Standards.   
 

 
INVESTIGATION SEQUENCING 

 
A systematic approach to marine sand searches has been developed over the years by the CPE-
NC Coastal Geology and Geomatics team (e.g. Finkl, Khalil and Andrews, 1997; Finkl, Andrews 
and Benedet, 2003; Finkl, Benedet and Andrews, 2005; Finkl and Khalil, 2005).  In a 
comprehensive marine sand search, the investigation is typically divided into three (3) sequential 
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phases. This phased approach can be modified to meet the scope of the investigation and 
accommodate the level of work previously performed. Regardless of the phases executed during 
a sand search, this investigation sequence is preserved in order to maintain efficiency and 
completeness to provide confident results. 
 
Phase I investigations typically consist of a comprehensive review of the project area and 
sediment resources in the vicinity of the project area. This desktop study examines previously 
collected information within the geologic context of the investigation area in order to identify 
features having the highest potential of containing project-compatible sand. The geological 
background of the area is assessed to identify the geomorphic features that may contain material 
suitable for the project. Information related to previously investigated areas, potential sand 
resources and borrow areas, is compiled and related back to the geomorphic features. 
Geophysical and geotechnical data previously collected within these areas, as well as any reports 
discussing the findings, are then reviewed. Based on this analysis, deposits potentially containing 
project-compatible material are identified. Due to the amount of existing data on the proposed 
sand resource for this project, no additional geophysical or geotechnical data has been collected 
to characterize the borrow source. 
 
Phase II investigations usually consist of reconnaissance level geophysical and geotechnical 
surveys; however, as previously stated, additional data collection was not required for this 
investigation. Samples are also collected from the project area during this phase to characterize 
the project area/existing beach in terms of grain size, color and composition (i.e. how well the 
potential borrow area sediment matches the existing material in the project area).  
 
Phase III typically consists of design level geotechnical and geophysical investigations, a cultural 
resource investigation, and borrow area design.  No additional design level geotechnical or 
geophysical data collection were required for this investigation due to the pre-existing data 
available for the inlet borrow area.  The USACE has previously conducted a cultural resource 
survey of the borrow area, so no additional cultural resource surveys were required (Southerly, 
pers. comm., 2014).  For this investigation, Phase III consisted of an independent assessment of 
borrow area material.  Sediment data and survey data provided by the USACE was evaluated, 
and a modified borrow area was designed based on sediment quality and environmental 
concerns.  Proposed borrow area boundaries and excavation depths were developed from the data 
collected during the Phase I, II and III investigations.  
 

 
PHASE I INVESTIGATIONS 

 
During the Phase I investigation, CPE-NC researchers conducted archival literature studies of 
Shallotte Inlet and the inner continental shelf area offshore of Ocean Isle Beach. Previously 
identified investigation areas, sand sources, developed borrow areas and historic geotechnical 
and geophysical data were compiled for the recipient beach. Much of this information was 
provided by the USACE Wilmington District associated with the Ocean Isle Beach Federal 
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Storm Damage Reduction Project. The information and data compiled during the Phase I 
investigation is discussed below. 

 
Geological Background 

The southeastern coast of North Carolina is characterized by short barrier islands with an average 
length of five (5) miles. The islands are separated by wave-dominated, mixed tidal inlets (Hayes, 
1979) that have moderately well-developed ebb-tidal deltas. The barrier islands are migrating 
landward in response to rising sea level and a limited sediment supply. Barrier ends adjacent to 
tidal inlets typically exhibit pronounced shoreline changes (repositioning of shorelines) 
associated with tidal inlet processes (migration, channel switching, sediment bypassing and 
opening/closing) (FitzGerald, 1984). Morphosedimentary patterns and geographic location of 
coastal barriers and inlets, along the North Carolina coast, are influenced by the inherited 
geologic framework (e.g. Macintyre and Pilkey, 1969; Riggs et al., 1995). Underlying rock 
structure tends to influence the geomorphology of coastal barriers as does composition of the 
bedrock in relation to offshore sediment sources. 

 
Ocean Isle Beach is an east west trending (south facing ocean shoreline) barrier island located 
along the low energy flank of Cape Fear in Brunswick County, North Carolina.  It is a mid-
compartment barrier island located between the two subaerial headlands of Oak Island, North 
Carolina and Myrtle Beach, South Carolina.  The shelf directly seaward of Ocean Isle Beach is 
primarily composed of Cretaceous aged (Meisburger, 1979) consolidated rock units partially 
covered by a thin veneer of mobile fine sand and muddy sand.  Marden et al. (1999) described 
the outcropping hardbottom as the Rocky Point Member of the PeeDee Formation 

 
Presently, twenty (20) inlets occur along the North Carolina coast.  Five (5) of these are 

located north of Cape Lookout, which includes an inlet that opened during Hurricane Irene in 
August of 2011 between Oregon Inlet and Rodanthe, North Carolina, which has closed and re-
opened on several occasions since 2011.  Eleven (11) are located in Onslow Bay.  The remaining 
four (4), including Shallotte Inlet, are located in Long Bay.  Shallotte Inlet is an ebb-dominated 
system, having a much larger ebb tide delta than flood tide delta (Marden, 1999).  Low energy 
and relatively higher tidal ranges have been identified as the primary factors in establishing large 
ebb tide deltas and small flood tide deltas (Dean and Walton, 1973).  A lack of accommodation 
space for a flood tide delta at Shallotte Inlet also restricts the size (Marden, 1999).     
 
Previous Investigations 

 
In 1994, offshore vibracore samples were taken 1-3 miles off the shoreline of Ocean Isle Beach, 
immediately west of the present project area (USACE 1997a, p. A-14; pp. B11/12). The 
investigation area was selected to be near enough to the project site for dredging to be practical, 
but distant enough so that removal of material would not affect beach sediment transport 
processes. Most of the sediment in these samples were silty sand, clayey sand, or sandy clay. The 
USACE determined the material would be unsuitable for use as beach fill due to high turbidities 
resulting from the placement of silty or clayey materials (USACE 1997a, p. B-11). This work 
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determined that “. . . suitable borrow material seemed to occur only in erratic pockets, and the 
search for offshore borrow areas was abandoned without success.”  
 
The USACE eventually identified Shallotte Inlet as the most promising source of sand for the 
Ocean Isle Beach federal project.  Since 1994, the USACE has collected at least four (4) sets of 
vibracore data within Shallotte Inlet. Table 1 provides a summary of these investigations. 
 
Table 1. Summary of Shallotte Inlet Vibracores  
Number of Vibracores collected 1994 11 
Number of Vibracores collected 1998 13 
Number of Vibracores collected 2005 10 
Number of Vibracores collected 2009 17 

 
Current estimates suggest that approximately 264,000 cubic yards of sand may be required to fill 
the fillet associated with a terminal groin on the east end of Ocean Isle Beach.  Independent 
analysis conducted by CPE-NC (2012), as well as discussions between CPE-NC and the USACE 
Wilmington District (Wutkowski, pers. comm., 2012), suggest the current borrow area could 
support both routine maintenance of the Federal Project and the construction and maintenance of 
the proposed terminal groin project.  Actual volume calculations supporting this suggestion were 
conducted by CPE-NC and are discussed in the Phase III description below.     
 
Targeted Sand Source 
 
The borrow area targeted as a sand source for the proposed terminal groin project at the east end 
of Ocean Isle Beach is a portion of the approved borrow area for the federal storm damage 
reduction project.  The borrow area, which was used for the initial construction and subsequent 
maintenance of the federal project, is contained within the Shallotte Inlet complex as shown in 
Figure 2. The borrow area extends from the Atlantic Intracoastal Waterway through the inlet 
gorge and out across the ebb tide delta to a depth of -15.0 ft. MLW. The entire area was designed 
to be dredged to a depth of -15.0 ft. MLW (-17.97 NAVD88) (USACE, 2002).   
 
Cultural Resources 
 
During the process of designing the federal storm damage reduction project at Ocean Isle Beach, 
the USACE coordinated a submerged cultural resource investigation of the Shallotte Inlet borrow 
area in 1992 and 1995. The two separate cultural resource surveys were conducted in Shallotte 
Inlet by Tidewater Atlantic Research, Inc. (TAR). Both surveys deployed magnetometer and 
high resolution side scan sonar units in an effort to identify submerged artifacts of cultural or 
historical significance. Although, several ships were identified as potentially wrecked/lost in 
Shallotte Inlet during the historical review, no targets were located during the course of either 
survey. TAR concluded that no additional cultural resource investigations were necessary to 
perform dredging operations within the surveyed areas in 1992 and 1995 (Watts 1992, 1995). 
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PHASE II INVESTIGATIONS 
 
Beach Assessment 

 
The suitability of a sand source for beach nourishment is directly linked to the characteristics of 
the recipient beach. State and federal regulatory agencies require that sand resources used for 
nourishment be “beach compatible”, that is, “similar” to sand existing in the project area. 
Qualities such as grain size, silt content, granular content, gravel content, color, and 
mineralogical composition are taken into account. It is, therefore, important to accurately 
characterize existing beach sediments during a sand search investigation. This procedure allows 
researchers to target potential sand resources that are most similar to the recipient beach. The 
compatibility of material to be placed on North Carolina’s beaches is governed by Rule 15A 
NCAC 07H .0312.   Section 1 of the rule describes how the recipient beach is to be sampled and 
evaluated.  This evaluation included beach profiles (Sub-Section c), sand sampling and 
assessment of percent by weight fines, granular, and gravel (Sub-Sections d, e, and f), an 
assessment of the percent by weight calcium carbonate (Sub-Section g). 

 
Beach Profiles:  The Town of Ocean Isle Beach contracted with McKim and Creed, Inc. to 
conduct beach profile surveys along the eastern end of the Town.  On June 10, 2013, McKim and 
Creed surveyors conducted beach profile surveys along 13 profiles from Shallotte Inlet to 
USACE baseline station 20+00 (approximately 1,000 ft. west of Shallotte Blvd.) (Figure 3).      
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Figure 3.  Map depicting the location of beach profile surveys conducted by McKim and Creed 
in June, 2013 (Modified from Plan drawing VT101-005160006 by McKim and Creed)   
 
Sand Sampling and Grain Size Analysis:  During preparation of the General Reevaluation 
Report for the Ocean Isle Beach project, completed in 1994, the USACE collected beach samples 
along three (3) profiles within the federal project area. Samples were collected from the dune out 
to a depth of -30 ft NGVD29. The state sediment standards dictate a specific number of samples 
along at least five (5) profiles within the project area (15A NCAC 07H.0312)(1)(c and d). 
However, 15A NCAC 07H.0312 (1)(i) provides language that would allow special consideration 
of projects which were constructed prior to the adoption of the rules.   
 
In order to meet state requirements, CPE-NC obtained samples along four (4) additional profiles 
on the east end of Ocean Isle Beach.  On April 5, 2013, April 17, 2013 and January 23, 2014 
CPE-NC collected beach samples and nearshore sediment samples along four (4) profiles (0+00 
(OIB000), 10+00 (OIB010), 25+00 (OIB025), and 60+00 (OIB060) (Figure 4). Along these 
profiles, samples were collected from the Dune, Toe of Dune, Midberm, Berm Crest, Mean High 
Water (MHW), Mean Tide Level (MTL), Mean Low Water (MLW), Trough, Bar Crest, and four 
(4) additional depths evenly spaced between the Bar Crest and -20 ft. NAVD. Sediment 
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characteristic data obtained by the USACE along baseline station 40+00 were also used to 
determine composite beach characteristics. 
 
During sieve analysis, dry and washed Munsell colors were noted. Sieve analyses were 
conducted on all sediment samples in accordance with American Society for Testing and 
Materials (ASTM) Standard Materials Designation D422-63 for particle size analysis of soils 
(ASTM, 2007). This method covered the quantitative determination of the distribution of sand 
size particles. For sediment finer than the No. 230 sieve (4.0 phi), the ASTM Standard Materials 
Designation D1140-00 was followed (ASTM, 2006). Mechanical sieving was accomplished 
using calibrated sieves with a gradation of half phi intervals. Additional sieves representing key 
ASTM sediment classification boundaries were included to meet North Carolina Division of 
Coastal Management standards (Table 2). Weights retained on each sieve were recorded 
cumulatively. 
 
Grain size data were entered into the gINT® software program, which computes the mean and 
median grain size, sorting, and fine (< 0.0625 mm) percentages for each sample using the 
moment method (Folk, 1974).  
 
When combined with the historic USACE samples collected along profile OIB040, analysis of 
the beach samples capture the three-dimensional spatial variability of the sediment 
characteristics including grain size, sorting and mineralogy within the natural system.  
Appendices 2 and 3 contain granularmetric reports and grain size curves/histograms. Composites 
were created for each profile line as well as for each position along the beach profile. 
Composites are presented in Appendices 4, 5 and 6. 
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Figure 4.  Map showing locations of the beach sand samples collected and used to determine existing beach characteristics. 
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Table 2.  Sieve sizes used for grain size analysis.  Classifications are based on percent retained 
in each sieve. 

 

Classification 
Sieve Size 
(number) 

Sieve Size 
(phi)  

Sieve Size 
(mm)  

 3/4" -4.25 19.00 
 5/8" -4 16.00 

gravel 7/16" -3.5 11.20 
 5/16" -3 8.00 
 3 1/2" -2.5 5.60 
 4 -2.25 4.75 
 5 -2 4.00 

granular 7 -1.5 2.80 
 10 -1 2.00 
 14 -0.5 1.40 
 18 0 1.00 
 25 0.5 0.71 
 35 1 0.50 
 45 1.5 0.36 

sand 60 2 0.25 
 80 2.5 0.18 
 120 3 0.13 
 170 3.5 0.09 
 200 3.75 0.08 
 230 4 0.06 

fine pan - - 
 

 
Analyses of the samples collected from the existing beach by CPE-NC and the USACE indicate 
that sediment along the eastern end of Ocean Isle Beach has a mean grain size of 0.23mm. The 
percent by weight of fines (less than 0.0625 millimeters) for the sampled area is 1.34%. The 
percent by weight of granular (greater than or equal to 2 millimeters and <less than 4.76 
millimeters) and gravel (greater than or equal to 4.76 millimeters) for the sampled area is 0.43% 
and 0.40%, respectively. The wet Munsell Color value ranges from 4 to 7, with a typical value of 
5. The dry Munsell Color value ranges from 6 to 8, with a typical value of 7. These 
characteristics represent the existing beach, which is a composite of the characteristics of 
material that has been placed on the beach during past nourishment projects and native beach 
sediment.  
 
Calcium Carbonate Analysis: Calcium carbonate content was determined on composite beach 
samples collected by CPE-NC in 2013 and 2014.  Calcium carbonate content was determined by 
percent weight using the acid leaching methodology described in Twenhofel and Tyler (1941). 
Results were entered into the gINT® software and are displayed on the composite granularmetric 
reports (Appendix 5) and in the Carbonate Analysis Results spreadsheet (Appendix 12). The 
carbonate content of the existing beach ranges from 5 to 7% with a composite value of 6%.  
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PHASE III INVESTIGATIONS 
 
Investigation Details 
 
The North Carolina state standards (15A NCAC 07H.0312) (2) (e) allow an applicant to use two 
sets of sampling data with at least one dredging event in between to characterize material for 
future nourishment events.  If both sets of data are shown to be compatible as stated in the Rule, 
subsequent projects can use the material from the same borrow area. In addition, section (3) (a) 
of the rule states that sediment completely confined to the permitted dredge depth of a 
maintained sediment deposition basin within an inlet shoal system is considered compatible if 
the average percentage by weight of fine-grained (less than 0.0625 millimeters) sediment is less 
than 10%.  These changes took effect in September 2013 after beach sampling and analysis were 
completed.  Although compatibility of the borrow area as it relates to the state sediment criteria 
only require sediment to contain less than 10% by weight fines, this analysis considers color, 
grain size, and percent calcium carbonate as well.   
 
The USACE developed composite information for the approved borrow area within Shallotte 
Inlet based on vibracores collected in 1994 (USACE, 1997c).  These data were used in the 
General Reevaluation Report (GRR) study conducted by the USACE to determine preliminary 
borrow areas (USACE, 1997b).  The USACE later collected additional vibracores in 1998 as part 
of the Preliminary Engineering and Design (PED) for the initial construction of the Ocean Isle 
Beach project.  CPE-NC used available data from those vibracores collected in 1998 to establish 
a pre-2001 composite for the area dredged in 2001.  Likewise, vibracores collected by the 
USACE in 2005 and 2009 were used to establish after-dredge composites for the same area. In 
order to comply with the state Rule, specifically Section (2) (e), the borrow area proposed by 
CPE-NC as a result of this investigation is limited to the area dredged during the initial 
construction of the Ocean Isle Beach federal project in 2001.  This area is slightly different from 
the approved borrow area established in the GRR as shown in Figure 5.  
 
Borrow Area Bathymetry 
 
The USACE has conducted numerous hydrographic surveys of the borrow area in Shallotte Inlet 
associated with the federal beach fill project for storm damage reduction at Ocean Isle Beach.  
Figure 2 shows the location of the approved borrow area for the federal project.  CPE-NC used 
historic pre- and post-construction surveys to determine the locations in which dredging occurred 
in the borrow area during initial construction and two subsequent maintenance events.  Initial 
construction of the project took place in 2001.  The first maintenance event was constructed 
between December 2006 and January 2007.  The second was constructed between April and May 
2010.  Figure 5 shows the outline of the areas dredged during initial construction and the 
maintenance events conducted in 2006/2007 and 2010.   
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Figure 5.  Map depicting the estimated location of areas dredged during initial construction 
(2001) and subsequent maintenance events (2006/2007 and 2010).     
 
In preparation for a third maintenance cycle conducted by the USACE in the spring of 2014, the 
USACE conducted a pre-construction survey of the borrow area in July and August 2013.  This 
data was used by CPE-NC to create a bathymetric surface to be used to calculate the current 
volume of material available within the borrow area. 
 
Vibracore Analysis  
 
Pre-2001 USACE Vibracores:  The USACE collected vibracores at 11 locations within 
Shallotte Inlet in 1994 during their investigations to delineate borrow areas for the federal project 
(Figure 6).  The material in the core samples was described as primarily gray or tan poorly 
graded sand with little silt content, underlain in some cases by layers of clay or silt.  Some sand 
layers were described as containing pockets of clay and gravel sized shell.  From these core data, 
the USACE developed composite values for the textural properties of the material in Shallotte 
Inlet.  The mean grain size of the material above -15 ft. MLW (-17.97 ft. NAVD) was stated as 
0.38 mm with a standard deviation of 0.97 and a silt content of 1.1% (USACE, 1997c).  
Appendix 7 contains vibracore logs of the 11 vibracores collected by the USACE in 1994. 



14 
COASTAL PLANNING & ENGINEERING OF NORTH CAROLINA, INC. 

 

 
Figure 6.  Map depicting the approximate area dredged in 2001 by the USACE and vibracores 
collected by the USACE in 1994 and 1998.       
 
Although the 1994 USACE data provide general information on the sediment characteristics in 
the vicinity of the federally approved Shallotte Inlet borrow area, these data do not include 
samples taken from the outer portion of the ebb shoal.  In order to determine sediment 
characteristics that better represent the entirety of the area dredged by the USACE in 2001, CPE-
NC used six (6) of the 13 vibracores collected by the USACE in 1998 to determine the percent 
silt by weight (Figure 6).  The six (6) vibracores are SHI-6, SHI-7, SHI-8, SHI-12, SHI-13, and 
SHI-14.  Appendix 8 contains vibracore logs, granularmetric reports, and grain size 
curves/histograms for the 13 vibracores collected by the USACE in 1998. Composite median 
grain size and percent silt content were computed for each of the six (6) vibracores representing 
the sand borrow area by calculating the weighted average (sample weighted by representative 
lengths of the sampled layer within the core).  Composite statistics for the dredged area were 
compiled by averaging the weighted results for those six (6) cores within the lateral and vertical 
limits of the dredged areas.  Some values of percent silt were estimated from the provided 
granularmetric curves based on the #200 standard sieve.  These estimated values are denoted by 
red text in the composite spreadsheet (Appendix 9).   
 
The composite median grain size for the area analyzed using the 1998 vibracores is 0.16 mm, 
with a percent fines by weight of 1.3%.     
 



15 
COASTAL PLANNING & ENGINEERING OF NORTH CAROLINA, INC. 

 

Post-2001 USACE Vibracores:  CPE-NC used 12 vibracores collected in 2005 and 2009 within 
the area dredged during the 2001 initial construction to determine composite sediment 
characteristics of the material that infilled the area following the 2001 initial construction (Figure 
7).  Appendix 10 contains vibracore logs, granularmetric reports, and grain size curves/ 
histograms for all 27 vibracores collected by the USACE in 2005 and 2009.  Composite mean 
and median grain size, as well as percent by weight fine-grained sediments, were computed for 
each vibracore by calculating the weighted average (sample weighted by representative lengths 
of the sampled layer within the core).  Composite data is included in Appendix 11. The 
composite statistics for the area were compiled by averaging the weighted results for all cores 
within the lateral and vertical limits of the borrow area.  The composite mean grain size for the 
area analyzed using the 2005 and 2009 vibracores is 0.36 mm.  The 12 vibracores used in the 
composite indicate that the sediment within the area dredged contains 1.95% fine-grained 
sediment by weight.  Although no Munsell color values were available, the 2005 and 2009 
vibracore logs describe the sediment as being tan to gray and tan to light gray, respectively.   
 

 
Figure 7.  Map depicting the approximate area dredged in 2001 by the USACE and vibracores 
collected by the USACE in 2005 and 2009. 
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Compatibility Analysis  

 
Given the proposed borrow area is completely confined to the authorized dredge depth of a 
maintained sediment deposition basin within the inlet shoal system, compatibility as defined by 
the rule (15A NCAC 07H.0312), is primarily defined in Section (2) (e) and (3) (a).  Section (2) 
(e) allows an applicant to use previously collected data to establish sediment characteristics 
where both a pre-dredge and a post-dredge data set exist.  Section (3) (a) states that compatibility 
for sediment completely confined to the permitted dredge depth of a sediment deposition basins 
within the inlet shoal system is defined as having an average percentage by weight of fine-
grained (less than 0.0625 millimeters) sediment less than 10%.  As stated above, the composite 
fine-grained sediment within the footprint of the area dredged in 2001 based on the data from six 
(6) vibracores collected in 1998 (Appendix 9) is 1.3%.  The composite fine-grained sediment 
within the same footprint of the area dredged in 2001 based on data collected after the dredging 
event (Appendix 11) is 1.95%. The composite percent fine grained material for the existing 
beach sampled along the east end of Ocean Isle beach is 1.34%.  Therefore, sediment confined to 
the footprint of the area dredged in 2001 in Shallotte Inlet is compatible in accordance with rule 
15A NCAC 07H.0312.    
 
Sediments recovered within the vertical boundaries of the proposed borrow area were described 
by the USACE as having a tan and or gray color (USACE, 1997c; Catlin, 2009).  The wet 
Munsell Color values for sediment samples collected by CPE-NC in 2013 and 2014, range from 
5 (gray to olive gray) to 7 (light gray), with a typical value of 7 (light gray). The samples 
collected by CPE-NC in 2013 and 2014 represent the existing beach, which is a composite of the 
characteristics of material that has been placed on the beach during past nourishment projects 
and native beach sediment. 
 
Vibracore data obtained from the 2005 and 2009 vibracores recovered from within the proposed 
borrow area indicate a percent carbonate by weight of 15.5%.  The carbonate content of the 
existing beach ranges from 5% to 7% with a composite value of 6%.      

 
BORROW AREA DESIGN 

 
The borrow area within Shallotte Inlet proposed for the Ocean Isle Beach terminal groin project 
was designed to be limited to the authorized federal borrow area (USACE, 1997c).  This area is 
shown in Figure 5 as the “USACE Borrow Area” outlined in black.  The entire borrow area was 
originally approved for a dredge depth of -15 ft. MLW (-17.97 NAVD88) (USACE, 2002).  The 
conversion from MLW to NAVD88 is based on the NOAA benchmark 8661070, located at the 
Springmaid Pier, in South Carolina (http://tidesandcurrents.noaa.gov/benchmarks/ 
8661070.html).     
 
In order to comply with rule 15A NCAC 07H.0312 (2) (e), which allows an applicant to use two 
sets of sampling data with at least one dredging event in between to characterize material for 
future nourishment events, the proposed borrow area was also limited to the portion of the 
authorized federal borrow area dredged during the initial construction event in 2001.  The 

http://tidesandcurrents.noaa.gov/benchmarks/%208661070.html
http://tidesandcurrents.noaa.gov/benchmarks/%208661070.html
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proposed borrow area for the Ocean Isle Beach terminal groin project, shown in Figures 6 and 7 
“CPE-NC Proposed Borrow Area” outlined in red, has a total area of 83.1 acres.  
 
An evaluation of vibracore data collected in 1998 as well as, 2005 and 2009 show the sediment 
in the proposed borrow area meet the criteria set forth in rule 15A NCAC 07H.0312.  
Furthermore, the Shallotte Inlet Borrow Area has been excavated and used for beach placement 
for subsequent maintenance events.  Maintenance of the project was conducted in 2007, 2010, 
and 2014, during which material was dredged from the inlet borrow area and placed on the beach 
at Ocean Isle Beach.   
 
Bathymetric data collected by the USACE in July and August 2013, during preliminary 
engineering and design work for the 2014 maintenance event, was used to determine volumes in 
the proposed borrow area.  At the time of the survey, approximately 1,312,000 cy of sand were 
available within the proposed borrow area.  Estimates available at the time of publication of this 
report indicate approximately 800,000 cy of sand were removed from this borrow area during the 
construction of the 2014 maintenance operation.  Based on past performance of the project, the 
borrow area is expected to re-charge due to shoaling of the inlet complex.    
 

 
CONCLUSIONS 

 
The proposed borrow area within Shallotte Inlet was designed to be confined to the footprint of 
both the federally authorized borrow area (USACE, 1997c), and the portion of the borrow area 
dredged during the initial construction of the project in 2001.  The maximum dredge depth of the 
proposed borrow area is limited to the maximum dredge depth of the federally authorized borrow 
area, which is -15 ft. MLW (-17.97 NAVD88).   
    
Section (3) (a) of rule 15A NCAC 07H.0312 states that sediment completely confined to the 
permitted dredge depth of a maintained sediment deposition basin within an inlet shoal system is 
considered compatible if the average percentage by weight of fine-grained (less than 0.0625 
millimeters) sediment is less than 10%.  An evaluation of vibracore data collected in 1998 as 
well as, 2005 and 2009 show the sediment in the proposed borrow area meet these criteria.  
Composite data for those vibracores within the proposed borrow area collected in 1998 indicate 
the percent by weight of fine-grained (less than 0.0625 millimeters) material within the proposed 
borrow area is 1.3%. Composite data for those vibracores within the proposed borrow area 
collected in 2005 and 2009 indicate the percent by weight of fine-grained (less than 0.0625 
millimeters) material within the proposed borrow area is 1.95%.  The composite percent fine 
grained material for the existing beach sampled along the east end of Ocean Isle beach is 1.34%.   

 
Analyses of the samples collected from the existing beach by CPE-NC and the USACE indicate 
that sediment along the eastern end of Ocean Isle Beach has a mean grain size of 0.23mm. The 
composite median grain size for the area analyzed using the 1998 vibracores is 0.16mm.  The 
composite mean grain size for the area analyzed using the 2005 and 2009 vibracores is 0.36mm.   
 
Sediments recovered within the vertical boundaries of the proposed borrow area were described 
by the USACE as having a tan and or gray color (USACE, 1997c; Catlin, 2009).  The wet 
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Munsell Color value ranges from 4 to 7, with a typical value of 5. The dry Munsell Color value 
ranges from 6 to 8, with a typical value of 7. These characteristics represent the existing beach, 
which is a composite of the characteristics of material that has been placed on the beach during 
past nourishment projects and native beach sediment.  
 
Prior to the most recent maintenance event, which dredged material from the federally authorized 
borrow area in Shallotte Inlet, the proposed  borrow area contained approximately 1,312,000 cy 
of fine-grained sand with trace silt and trace shell.  Based on project estimates provided by the 
Town of Ocean Isle Beach, approximately 800,000 cy of sand were placed on the beach during 
the 2014 maintenance event, suggesting sufficient volumes of sand will exist to construct the 
proposed terminal groin project.  The proposed borrow area for the Ocean Isle Beach terminal 
groin project has a total area of 83.1 acres.  
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EXHIBIT "A" 
SCOPE OF PROFESSIONAL SERVICES 

TOWN OF OCEAN ISLE BEACH, NORTH CAROLINA 
TERMINAL GROIN PROJECT 

DESIGN & ENVIRONMENTAL PERMITTING 
 
 
SCOPE OF WORK: GEOTECHNICAL SUPPORT  
 
Introduction:  The State of North Carolina has adopted specific sediment criteria which 
must be adhered to for the emplacement of beach fill along the oceanfront shoreline (15A 
NCAC 07H.0312). These rules were adopted by the North Carolina Coastal Resource 
Commission (CRC), in February 2007, and later amended in April 2008. Beach fill 
projects for the purpose of this rule include beach nourishment, dredged material 
disposal, habitat restoration, storm protection, and erosion control projects.  The material 
used for nourishment and/or to pre-fill a terminal groin fillet must adhere to these 
standards in order to obtain a Major CAMA Permit.  
 
The proposed source of sand for the terminal groin project is the existing authorized 
borrow source within Shallotte Inlet used by the USACE for the Federal Storm Damage 
Reduction Project for Ocean Isle Beach (Figure 3).  Despite the fact that the USACE has 
dredged sand from this borrow area to nourish and twice re-nourished the Ocean Isle 
Beach project since 2001, the TOWN will be required to comply with the state sediment 
criteria.  In this regard, the USACE operates under the Federal consistency requirement 
of the Federal Coastal Zone Management Act (CZMA).  This requires Federal actions 
likely to affect any land or water in the coastal zone to be consistent with the state’s 
coastal management program to the maximum extent practicable but does not require the 
USACE to obtain a state permit.  As a result, the geotechnical information for the 
USACE borrow area for the Federal project may not meet the sediment criteria specified 
in the state rules, specifically with regards to density of data collection.   
 
The current sediment criteria rules include special conditions for projects using sand from 
Federal or State maintained navigation channels.  Recently, CPE-NC and other private 
and public entities have proposed revisions to the state sediment criteria.  The proposed 
changes focus on the special condition exceptions in the rules for Federal or State 
maintained navigation channels.  The proposed changes would modify the rules to allow 
for the inclusion of projects associated with inlet sources of sand that are not confined to 
Federal or State maintained navigation channels.  The basis for this modification is that 
material that is removed from a portion of the inlet repeatedly and has been historically 
demonstrated to be of good quality should not be held to the same standards as unproven 
sand sources.  The State is currently reviewing these proposed changes and may adopt the 
changes as early as October 1, 2012.  If adopted, these changes would reduce the level of 
effort necessary for the Town of Ocean Isle Beach to obtain State permits.   
 
Based on the proposed rule change, CPE-NC does not anticipate collecting any new data 
to characterize the borrow area.  Proposed changes to the sediment criteria would allow  
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EXHIBIT "A" 
SCOPE OF PROFESSIONAL SERVICES 

TOWN OF OCEAN ISLE BEACH, NORTH CAROLINA 
TERMINAL GROIN PROJECT 

DESIGN & ENVIRONMENTAL PERMITTING 
 
for historic data to be used to characterize the borrow source for the purposes of 
permitting.  No additional vibracores, bathymetric surveys, or cultural resource surveys 
are proposed as part of this scope. 

 
Figure 3.  Map of the borrow area at Shallotte Inlet.  Note locations of vibracores taken by USACE in 
2009. 
 
Assumptions made in developing the Geotechnical Scope: 

 The anticipated schedule for developing the Draft EIS will allow for the 
geotechnical work to be put on hold until October 2012. 

 The Coastal Resources Commission (CRC) will adopt the modified sediment 
criteria rules discussed herein by October 2012. 

 The USACE will conduct pre-construction investigations including bathymetric 
surveys of the borrow area and beach profile surveys. 

 The USACE will furnish historic native beach characteristic, bathymetric, and 
vibracores data collected within the Shallotte Inlet borrow area. 

 The NC DCM will allow previously collected native sand samples (USACE, 
1994) to be used as part of the required samples to characterize the native beach. 
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TOWN OF OCEAN ISLE BEACH, NORTH CAROLINA 
TERMINAL GROIN PROJECT 

DESIGN & ENVIRONMENTAL PERMITTING 
 
Native Beach:  A State permit for disposal of material onto Ocean Isle Beach as part of 
the proposed terminal groin project will require the characterization of native material.  
During preparation of the General Reevaluation Report for the Ocean Isle Beach project, 
completed in 1994, the USACE collected beach samples along three profiles within the 
project area.  Samples were collected from the Dune out to a depth of -30 ft NGVD29.  
The state sediment standards dictate a specific number of samples along at least five 
profiles within the project area (15A NCAC 07H.0312)(1)(c and d).  However, 15A 
NCAC 07H.0312 (1)(i) provides language that would allow special consideration of 
projects which were constructed prior to the adoption of the rules.   
 
CPE-NC will obtain and analyze 13 sand samples along three (3) transects along the 
eastern end of Ocean Isle Beach.  Samples will be collected from the frontal dune, frontal 
dune toe, mid berm, mean high water (MHW), mid tide (MT), mean low water (MLW), 
trough, bar crest and at even depth increments from 6 feet (1.8 meters) to 20 feet (6.1 
meters) or to a shore-perpendicular distance 2,400 feet (732 meters) seaward of mean low 
water, whichever is in a more landward position. These data along with previously 
collected USACE data will be reviewed and analyzed to develop native beach 
characteristics as required by the sediment criteria.   

 
In addition to the native beach samples, the state sediment criteria require a quantification 
of clasts larger than 3 inches in diameter along a representative section of the beach.  The 
total number of sediments and shell material greater than three (3) inches (76 millimeters) 
in diameter, observable on the surface of the beach between mean low water (MLW) and 
the frontal dune toe, will be calculated for an area of 50,000 square feet (4,645 square 
meters) within the beach fill project boundaries. This area shall be considered a 
representative sample of the entire project area and referred to as the “background” value.   

 
Supporting Documents:  CPE-NC will coordinate with the USACE to identify and 
obtain the necessary data to support the permit application based on the adoption of 
proposed modifications to the sediment criteria.  The data and documents will be 
reviewed and formatted to conform with the modified sediment criteria rules.  A final 
geotechnical report will be developed to be included as an appendix to the EIS.  The 
report will include a description of the data obtained and the methodology used to collect 
new data, available volume of sand, borrow area and native beach composite summary 
tables of sediment characteristics, vibracores logs, and vibracores sample reports.     
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3 1/2" -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.00 0.00 0.00 0.00

18 0.00 1.00 0.01 0.01 0.01 0.01

25 0.50 0.71 0.01 0.01 0.02 0.02

35 1.00 0.50 0.17 0.14 0.19 0.16

45 1.50 0.35 3.89 3.30 4.08 3.46

60 2.00 0.25 39.86 33.80 43.94 37.26

80 2.50 0.18 57.05 48.37 100.99 85.63

120 3.00 0.13 15.21 12.90 116.20 98.53

170 3.50 0.09 1.52 1.29 117.72 99.82

200 3.75 0.07 0.08 0.07 117.80 99.89

230 4.00 0.06 0.01 0.01 117.81 99.90

Wet - 5Y-7/1
Dry - 5Y-8/1SP

54,878 North Carolina State Plane

Granularmetric Report

2,184,977

Sorting
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Phi 16
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Phi 75
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Phi 84
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117.94 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 001 DUNE

Analysis Date:  04-11-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.11
#230 - 0.10

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

117.82

Phi 95

1.52

Mean mm

0.23

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3 1/2" -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.01 0.01 0.01 0.01

18 0.00 1.00 0.12 0.10 0.13 0.11

25 0.50 0.71 0.63 0.54 0.76 0.65

35 1.00 0.50 6.50 5.53 7.26 6.18

45 1.50 0.35 26.31 22.39 33.57 28.57

60 2.00 0.25 48.46 41.23 82.03 69.80

80 2.50 0.18 29.08 24.74 111.11 94.54

120 3.00 0.13 5.35 4.55 116.46 99.09

170 3.50 0.09 0.84 0.71 117.30 99.80

200 3.75 0.07 0.06 0.05 117.36 99.85

230 4.00 0.06 0.01 0.01 117.37 99.86

Wet - 5Y-7/1
Dry - 5Y-7/1SP

54,868 North Carolina State Plane

Granularmetric Report

2,184,983

Sorting
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Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 002 TOD

Analysis Date:  04-11-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.15
#230 - 0.14
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Coordinate System:
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Phi 95
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Mean mm

0.30

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3 1/2" -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.03 0.03 0.03 0.03

10 -1.00 2.00 0.03 0.03 0.06 0.06

14 -0.50 1.41 0.18 0.16 0.24 0.22

18 0.00 1.00 0.94 0.81 1.18 1.03

25 0.50 0.71 9.15 7.89 10.33 8.92

35 1.00 0.50 30.27 26.12 40.60 35.04

45 1.50 0.35 30.56 26.37 71.16 61.41

60 2.00 0.25 26.84 23.16 98.00 84.57

80 2.50 0.18 13.18 11.37 111.18 95.94

120 3.00 0.13 3.96 3.42 115.14 99.36

170 3.50 0.09 0.61 0.53 115.75 99.89

200 3.75 0.07 0.04 0.03 115.79 99.92

230 4.00 0.06 0.00 0.00 115.79 99.92

Wet - 5Y-6/1
Dry - 5Y-7/2SP

54,833 North Carolina State Plane

Granularmetric Report

2,184,984
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Project Name:  Ocean Isle Beach Terminal Groin
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Coordinate System:

115.84

Phi 95

0.25

Mean mm

0.40

Average wet Munsell Value is 6. Average dry Munsell Value is 7.

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3 1/2" -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.05 0.04 0.05 0.04

7 -1.50 2.83 0.01 0.01 0.06 0.05

10 -1.00 2.00 0.05 0.04 0.11 0.09

14 -0.50 1.41 0.03 0.03 0.14 0.12

18 0.00 1.00 0.08 0.07 0.22 0.19

25 0.50 0.71 1.07 0.92 1.29 1.11

35 1.00 0.50 18.38 15.82 19.67 16.93

45 1.50 0.35 40.68 35.01 60.35 51.94

60 2.00 0.25 35.63 30.67 95.98 82.61

80 2.50 0.18 15.72 13.53 111.70 96.14

120 3.00 0.13 3.80 3.27 115.50 99.41

170 3.50 0.09 0.48 0.41 115.98 99.82

200 3.75 0.07 0.03 0.03 116.01 99.85

230 4.00 0.06 0.01 0.01 116.02 99.86

Wet - 5Y-6/1
Dry - 5Y-7/2SP

54,793 North Carolina State Plane

Granularmetric Report

2,184,987

Sorting

0.55

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.11

Kurtosis

4.08

7.0 NAVD 88

Northing (ft):

Munsell:

0.03

Mean Phi

1.5

Phi 5

2.46

Phi 16

2.05

Phi 25

1.88

Phi 50

1.47

Phi 75

1.12

Phi 84

0.97

116.18 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 004BERMCRST

Analysis Date:  04-11-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.15
#230 - 0.14

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

116.05

Phi 95

0.62

Mean mm

0.35

Average wet Munsell Value is 6. Average dry Munsell Value is 7.

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.05 0.05 0.05 0.05

18 0.00 1.00 0.12 0.13 0.17 0.18

25 0.50 0.71 0.51 0.54 0.68 0.72

35 1.00 0.50 2.29 2.43 2.97 3.15

45 1.50 0.35 6.97 7.40 9.94 10.55

60 2.00 0.25 30.00 31.83 39.94 42.38

80 2.50 0.18 39.16 41.55 79.10 83.93

120 3.00 0.13 13.06 13.86 92.16 97.79

170 3.50 0.09 0.83 0.88 92.99 98.67

200 3.75 0.07 0.03 0.03 93.02 98.70

230 4.00 0.06 0.00 0.00 93.02 98.70

Wet - 5Y-5/1
Dry - 5Y-7/1

Washed - 5Y-7/1SP

54,767 North Carolina State Plane

Granularmetric Report

2,184,989

Sorting

0.5

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.7

Kurtosis

4.64

1.3 NAVD 88

Northing (ft):

Munsell:

0.27

Mean Phi

2.04

Phi 5

2.90

Phi 16

2.50

Phi 25

2.39

Phi 50

2.09

Phi 75

1.73

Phi 84

1.59

94.24 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 005 MHW

Analysis Date:  02-04-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.30
#230 - 1.30

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

93.27

Phi 95

1.12

Mean mm

0.24

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3 1/2" -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.03 0.03 0.03 0.03

14 -0.50 1.41 0.01 0.01 0.04 0.04

18 0.00 1.00 0.06 0.06 0.10 0.10

25 0.50 0.71 0.27 0.27 0.37 0.37

35 1.00 0.50 4.08 4.04 4.45 4.41

45 1.50 0.35 16.76 16.58 21.21 20.99

60 2.00 0.25 24.44 24.18 45.65 45.17

80 2.50 0.18 28.41 28.11 74.06 73.28

120 3.00 0.13 22.98 22.73 97.04 96.01

170 3.50 0.09 2.91 2.88 99.95 98.89

200 3.75 0.07 0.10 0.10 100.05 98.99

230 4.00 0.06 0.01 0.01 100.06 99.00

Wet - 5Y-4/1
Dry - 5Y-7/1SP

54,729 North Carolina State Plane

Granularmetric Report

2,184,995

Sorting

0.62

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.28

Kurtosis

2.69

0.3 NAVD 88

Northing (ft):

Munsell:

0.01

Mean Phi

2.04

Phi 5

2.98

Phi 16

2.74

Phi 25

2.54

Phi 50

2.09

Phi 75

1.58

Phi 84

1.35

101.08 0.01

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 006 MTL

Analysis Date:  04-10-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.01
#230 - 1.00

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.08

Phi 95

1.02

Mean mm

0.24

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.39 0.34 0.39 0.34

3.5 -2.50 5.66 0.00 0.00 0.39 0.34

4 -2.25 4.76 0.00 0.00 0.39 0.34

5 -2.00 4.00 0.10 0.09 0.49 0.43

7 -1.50 2.83 0.29 0.25 0.78 0.68

10 -1.00 2.00 0.36 0.31 1.14 0.99

14 -0.50 1.41 0.99 0.86 2.13 1.85

18 0.00 1.00 2.82 2.45 4.95 4.30

25 0.50 0.71 9.59 8.34 14.54 12.64

35 1.00 0.50 28.67 24.95 43.21 37.59

45 1.50 0.35 23.75 20.66 66.96 58.25

60 2.00 0.25 21.41 18.63 88.37 76.88

80 2.50 0.18 16.69 14.52 105.06 91.40

120 3.00 0.13 8.01 6.97 113.07 98.37

170 3.50 0.09 0.77 0.67 113.84 99.04

200 3.75 0.07 0.02 0.02 113.86 99.06

230 4.00 0.06 0.00 0.00 113.86 99.06

Wet - 5Y-5/1
Dry - 5Y-7/1SW

54,549 North Carolina State Plane

Granularmetric Report

2,185,017

Sorting

0.86

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.64

Kurtosis

5.4

-3.1 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

1.31

Phi 5

2.76

Phi 16

2.25

Phi 25

1.95

Phi 50

1.30

Phi 75

0.75

Phi 84

0.57

114.93 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 007 MLW

Analysis Date:  04-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.94
#230 - 0.94

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

113.86

Phi 95

0.04

Mean mm

0.40

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.84 0.77 0.84 0.77

4 -2.25 4.76 0.18 0.16 1.02 0.93

5 -2.00 4.00 0.42 0.38 1.44 1.31

7 -1.50 2.83 0.82 0.75 2.26 2.06

10 -1.00 2.00 0.75 0.68 3.01 2.74

14 -0.50 1.41 1.29 1.18 4.30 3.92

18 0.00 1.00 2.14 1.95 6.44 5.87

25 0.50 0.71 2.75 2.51 9.19 8.38

35 1.00 0.50 6.56 5.98 15.75 14.36

45 1.50 0.35 11.69 10.66 27.44 25.02

60 2.00 0.25 17.97 16.39 45.41 41.41

80 2.50 0.18 25.76 23.49 71.17 64.90

120 3.00 0.13 30.29 27.62 101.46 92.52

170 3.50 0.09 6.92 6.31 108.38 98.83

200 3.75 0.07 0.23 0.21 108.61 99.04

230 4.00 0.06 0.03 0.03 108.64 99.07

Wet - 5Y-4/1
Dry - 5Y-7/1SW

54,507 North Carolina State Plane

Granularmetric Report

2,185,027

Sorting

1.07

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.71

Kurtosis

6.82

-5.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

1.92

Phi 5

3.20

Phi 16

2.85

Phi 25

2.68

Phi 50

2.18

Phi 75

1.50

Phi 84

1.08

109.65 0.01

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 008TROUGH

Analysis Date:  04-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.96
#230 - 0.93

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

108.65

Phi 95

-0.22

Mean mm

0.26

Moment

Statistics

Fines (%):

1

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.09 0.09 0.09 0.09

7 -1.50 2.83 0.09 0.09 0.18 0.18

10 -1.00 2.00 0.15 0.15 0.33 0.33

14 -0.50 1.41 0.21 0.22 0.54 0.55

18 0.00 1.00 0.30 0.31 0.84 0.86

25 0.50 0.71 0.98 1.01 1.82 1.87

35 1.00 0.50 3.23 3.33 5.05 5.20

45 1.50 0.35 7.60 7.84 12.65 13.04

60 2.00 0.25 17.68 18.25 30.33 31.29

80 2.50 0.18 33.61 34.69 63.94 65.98

120 3.00 0.13 28.45 29.36 92.39 95.34

170 3.50 0.09 3.28 3.38 95.67 98.72

200 3.75 0.07 0.17 0.18 95.84 98.90

230 4.00 0.06 0.02 0.02 95.86 98.92

Wet - 5Y-5/1
Dry - 5Y-6/1

Washed - 5Y-7/1SP

North Carolina State Plane

Granularmetric Report

Sorting

0.66

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.45

Kurtosis

7.49

-6.5 NAVD 88

Northing (ft):

Munsell:

0.02

Mean Phi

2.17

Phi 5

2.99

Phi 16

2.81

Phi 25

2.65

Phi 50

2.27

Phi 75

1.83

Phi 84

1.58

96.90 0.02

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 009 BARCRST

Analysis Date:  03-17-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.10
#230 - 1.08

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

95.90

Phi 95

0.97

Mean mm

0.22

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.11 0.08 0.11 0.08

10 -1.00 2.00 0.08 0.06 0.19 0.14

14 -0.50 1.41 0.29 0.21 0.48 0.35

18 0.00 1.00 0.56 0.40 1.04 0.75

25 0.50 0.71 1.34 0.96 2.38 1.71

35 1.00 0.50 3.77 2.70 6.15 4.41

45 1.50 0.35 6.96 4.98 13.11 9.39

60 2.00 0.25 12.47 8.93 25.58 18.32

80 2.50 0.18 29.03 20.79 54.61 39.11

120 3.00 0.13 61.01 43.69 115.62 82.80

170 3.50 0.09 20.18 14.45 135.80 97.25

200 3.75 0.07 1.38 0.99 137.18 98.24

230 4.00 0.06 0.35 0.25 137.53 98.49

Wet - 5Y-5/1
Dry - 5Y-6/1SP

54,082 North Carolina State Plane

Granularmetric Report

2,184,983

Sorting

0.69

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.5

Kurtosis

6.51

-8.8 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.46

Phi 5

3.42

Phi 16

3.04

Phi 25

2.91

Phi 50

2.62

Phi 75

2.16

Phi 84

1.87

139.65 0.09

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 010 (-8.75 ft)

Analysis Date:  06-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.76
#230 - 1.51

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

137.62

Phi 95

1.06

Mean mm

0.18

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.02 0.02 0.02 0.02

10 -1.00 2.00 0.03 0.02 0.05 0.04

14 -0.50 1.41 0.11 0.08 0.16 0.12

18 0.00 1.00 0.15 0.12 0.31 0.24

25 0.50 0.71 0.26 0.20 0.57 0.44

35 1.00 0.50 0.71 0.55 1.28 0.99

45 1.50 0.35 1.19 0.92 2.47 1.91

60 2.00 0.25 2.02 1.55 4.49 3.46

80 2.50 0.18 13.51 10.39 18.00 13.85

120 3.00 0.13 75.11 57.75 93.11 71.60

170 3.50 0.09 30.77 23.66 123.88 95.26

200 3.75 0.07 2.76 2.12 126.64 97.38

230 4.00 0.06 0.54 0.42 127.18 97.80

Wet - 5Y-5/1
Dry - 5Y-6/1SP

53,858 North Carolina State Plane

Granularmetric Report

2,185,004

Sorting

0.46

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.2

Kurtosis

15.12

-12.5 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.79

Phi 5

3.49

Phi 16

3.26

Phi 25

3.07

Phi 50

2.81

Phi 75

2.60

Phi 84

2.52

130.05 0.15

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 011 (-12.5 ft)

Analysis Date:  06-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 2.62
#230 - 2.20

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

127.33

Phi 95

2.07

Mean mm

0.14

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.01 0.01 0.01 0.01

10 -1.00 2.00 0.03 0.02 0.04 0.03

14 -0.50 1.41 0.03 0.02 0.07 0.05

18 0.00 1.00 0.05 0.04 0.12 0.09

25 0.50 0.71 0.15 0.12 0.27 0.21

35 1.00 0.50 0.31 0.25 0.58 0.46

45 1.50 0.35 0.57 0.45 1.15 0.91

60 2.00 0.25 2.06 1.63 3.21 2.54

80 2.50 0.18 12.80 10.16 16.01 12.70

120 3.00 0.13 60.43 47.96 76.44 60.66

170 3.50 0.09 41.56 32.98 118.00 93.64

200 3.75 0.07 3.81 3.02 121.81 96.66

230 4.00 0.06 0.32 0.25 122.13 96.91

Wet - 5Y-4/1
Dry - 5Y-6/1SP

53,253 North Carolina State Plane

Granularmetric Report

2,185,049

Sorting

0.43

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.61

Kurtosis

11.57

-16.3 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.86

Phi 5

3.61

Phi 16

3.35

Phi 25

3.22

Phi 50

2.89

Phi 75

2.63

Phi 84

2.53

126.01 0.79

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 012 (-16.25 ft)

Analysis Date:  06-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 3.34
#230 - 3.09

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

122.92

Phi 95

2.12

Mean mm

0.14

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102

G
R

A
N

U
LA

R
M

E
T

R
IC

 R
E

P
O

R
T

  O
IB

_N
A

T
IV

E
S

S
_A

P
R

IL
20

13
_N

A
V

D
.G

P
J 

 J
P

B
R

A
Z

IL
.G

D
T

  3
/1

8
/1

4



3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 2.77 1.85 2.77 1.85

5/16" -3.00 8.00 0.00 0.00 2.77 1.85

3.5 -2.50 5.66 0.46 0.31 3.23 2.16

4 -2.25 4.76 0.04 0.03 3.27 2.19

5 -2.00 4.00 0.24 0.16 3.51 2.35

7 -1.50 2.83 0.47 0.31 3.98 2.66

10 -1.00 2.00 0.39 0.26 4.37 2.92

14 -0.50 1.41 0.30 0.20 4.67 3.12

18 0.00 1.00 0.22 0.15 4.89 3.27

25 0.50 0.71 0.35 0.23 5.24 3.50

35 1.00 0.50 0.80 0.53 6.04 4.03

45 1.50 0.35 1.84 1.23 7.88 5.26

60 2.00 0.25 5.47 3.65 13.35 8.91

80 2.50 0.18 26.21 17.51 39.56 26.42

120 3.00 0.13 62.56 41.78 102.12 68.20

170 3.50 0.09 36.99 24.71 139.11 92.91

200 3.75 0.07 4.82 3.22 143.93 96.13

230 4.00 0.06 1.19 0.79 145.12 96.92

Wet - 5Y-4/1
Dry - 5Y-6/1SW

52,713 North Carolina State Plane

Granularmetric Report

2,185,111

Sorting

1.14

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-3.99

Kurtosis

21.08

-20.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.56

Phi 5

3.66

Phi 16

3.32

Phi 25

3.14

Phi 50

2.78

Phi 75

2.46

Phi 84

2.20

149.72 0.33

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 013 (-20 ft)

Analysis Date:  06-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 3.87
#230 - 3.08

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

145.45

Phi 95

1.39

Mean mm

0.17

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3 1/2" -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.00 0.00 0.00 0.00

18 0.00 1.00 0.00 0.00 0.00 0.00

25 0.50 0.71 0.01 0.01 0.01 0.01

35 1.00 0.50 0.17 0.14 0.18 0.15

45 1.50 0.35 7.46 6.24 7.64 6.39

60 2.00 0.25 31.37 26.23 39.01 32.62

80 2.50 0.18 47.88 40.03 86.89 72.65

120 3.00 0.13 27.12 22.67 114.01 95.32

170 3.50 0.09 4.75 3.97 118.76 99.29

200 3.75 0.07 0.42 0.35 119.18 99.64

230 4.00 0.06 0.10 0.08 119.28 99.72

Wet - 5Y-6/1
Dry - 5Y-7/1SP

54,341 North Carolina State Plane

Granularmetric Report

2,183,878

Sorting

0.49

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.05

Kurtosis

2.85

15.2 NAVD 88

Northing (ft):

Munsell:

0.08

Mean Phi

2.21

Phi 5

2.99

Phi 16

2.75

Phi 25

2.55

Phi 50

2.22

Phi 75

1.85

Phi 84

1.68

119.61 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 001 DUNE

Analysis Date:  04-10-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.36
#230 - 0.28

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

119.37

Phi 95

1.39

Mean mm

0.22

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.02 0.02 0.02 0.02

18 0.00 1.00 0.12 0.10 0.14 0.12

25 0.50 0.71 0.12 0.10 0.26 0.22

35 1.00 0.50 4.63 4.03 4.89 4.25

45 1.50 0.35 30.59 26.61 35.48 30.86

60 2.00 0.25 56.14 48.84 91.62 79.70

80 2.50 0.18 19.77 17.20 111.39 96.90

120 3.00 0.13 2.62 2.28 114.01 99.18

170 3.50 0.09 0.52 0.45 114.53 99.63

200 3.75 0.07 0.02 0.02 114.55 99.65

230 4.00 0.06 0.00 0.00 114.55 99.65

Wet - 5Y-6/1
Dry - 5Y-7/1SP

54,318 North Carolina State Plane

Granularmetric Report

2,183,863

Sorting

0.43

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.09

Kurtosis

4.03

5.2 NAVD 88

Northing (ft):

Munsell:

0.09

Mean Phi

1.69

Phi 5

2.44

Phi 16

2.12

Phi 25

1.95

Phi 50

1.70

Phi 75

1.39

Phi 84

1.22

114.94 0.01

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 002 TOD

Analysis Date:  04-10-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.35
#230 - 0.35

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

114.66

Phi 95

1.01

Mean mm

0.31

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.01 0.01 0.01 0.01

14 -0.50 1.41 0.01 0.01 0.02 0.02

18 0.00 1.00 0.02 0.02 0.04 0.04

25 0.50 0.71 0.19 0.16 0.23 0.20

35 1.00 0.50 4.70 3.92 4.93 4.12

45 1.50 0.35 36.80 30.66 41.73 34.78

60 2.00 0.25 59.84 49.86 101.57 84.64

80 2.50 0.18 16.82 14.01 118.39 98.65

120 3.00 0.13 1.19 0.99 119.58 99.64

170 3.50 0.09 0.14 0.12 119.72 99.76

200 3.75 0.07 0.01 0.01 119.73 99.77

230 4.00 0.06 0.00 0.00 119.73 99.77

Wet - 5Y-6/1
Dry - 5Y-7/1SP

54,281 North Carolina State Plane

Granularmetric Report

2,183,805

Sorting

0.4

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.01

Kurtosis

3.76

4.7 NAVD 88

Northing (ft):

Munsell:

0.01

Mean Phi

1.64

Phi 5

2.37

Phi 16

1.99

Phi 25

1.90

Phi 50

1.65

Phi 75

1.34

Phi 84

1.19

120.02 0.01

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 003MidBerm

Analysis Date:  04-10-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.23
#230 - 0.23

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

119.75

Phi 95

1.01

Mean mm

0.32

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.05 0.04 0.05 0.04

14 -0.50 1.41 0.07 0.06 0.12 0.10

18 0.00 1.00 0.16 0.14 0.28 0.24

25 0.50 0.71 0.94 0.83 1.22 1.07

35 1.00 0.50 10.02 8.81 11.24 9.88

45 1.50 0.35 36.44 32.04 47.68 41.92

60 2.00 0.25 48.57 42.71 96.25 84.63

80 2.50 0.18 15.59 13.71 111.84 98.34

120 3.00 0.13 1.42 1.25 113.26 99.59

170 3.50 0.09 0.19 0.17 113.45 99.76

200 3.75 0.07 0.01 0.01 113.46 99.77

230 4.00 0.06 0.00 0.00 113.46 99.77

Wet - 5Y-6/1
Dry - 5Y-7/1SP

54,274 North Carolina State Plane

Granularmetric Report

2,183,810

Sorting

0.47

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.27

Kurtosis

4.17

3.5 NAVD 88

Northing (ft):

Munsell:

0.04

Mean Phi

1.57

Phi 5

2.38

Phi 16

1.99

Phi 25

1.89

Phi 50

1.59

Phi 75

1.24

Phi 84

1.10

113.73 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 004BermCrest

Analysis Date:  04-10-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.23
#230 - 0.23

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

113.51

Phi 95

0.72

Mean mm

0.34

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.01 0.01 0.01 0.01

14 -0.50 1.41 0.00 0.00 0.01 0.01

18 0.00 1.00 0.05 0.04 0.06 0.05

25 0.50 0.71 0.29 0.26 0.35 0.31

35 1.00 0.50 2.57 2.30 2.92 2.61

45 1.50 0.35 18.49 16.57 21.41 19.18

60 2.00 0.25 50.82 45.53 72.23 64.71

80 2.50 0.18 31.92 28.60 104.15 93.31

120 3.00 0.13 6.62 5.93 110.77 99.24

170 3.50 0.09 0.32 0.29 111.09 99.53

200 3.75 0.07 0.02 0.02 111.11 99.55

230 4.00 0.06 0.00 0.00 111.11 99.55

Wet - 5Y-6/1
Dry - 5Y-7/1SP

54,257 North Carolina State Plane

Granularmetric Report

2,183,810

Sorting

0.45

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.13

Kurtosis

3.63

1.6 NAVD 88

Northing (ft):

Munsell:

0.03

Mean Phi

1.85

Phi 5

2.64

Phi 16

2.34

Phi 25

2.18

Phi 50

1.84

Phi 75

1.56

Phi 84

1.40

111.61 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 005 MHW

Analysis Date:  04-10-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.45
#230 - 0.45

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

111.14

Phi 95

1.07

Mean mm

0.28

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102

G
R

A
N

U
LA

R
M

E
T

R
IC

 R
E

P
O

R
T

  O
IB

_N
A

T
IV

E
S

S
_A

P
R

IL
20

13
_N

A
V

D
.G

P
J 

 J
P

B
R

A
Z

IL
.G

D
T

  3
/1

8
/1

4



3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.03 0.03 0.03 0.03

18 0.00 1.00 0.11 0.11 0.14 0.14

25 0.50 0.71 0.47 0.49 0.61 0.63

35 1.00 0.50 5.90 6.14 6.51 6.77

45 1.50 0.35 19.45 20.25 25.96 27.02

60 2.00 0.25 31.92 33.23 57.88 60.25

80 2.50 0.18 26.92 28.02 84.80 88.27

120 3.00 0.13 9.82 10.22 94.62 98.49

170 3.50 0.09 0.58 0.60 95.20 99.09

200 3.75 0.07 0.01 0.01 95.21 99.10

230 4.00 0.06 0.00 0.00 95.21 99.10

Wet - 5Y-5/1
Dry - 5Y-7/1SP

54,241 North Carolina State Plane

Granularmetric Report

2,183,812

Sorting

0.56

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.19

Kurtosis

2.89

0.2 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

1.83

Phi 5

2.83

Phi 16

2.42

Phi 25

2.26

Phi 50

1.85

Phi 75

1.45

Phi 84

1.23

96.06 0.01

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 006 MTL

Analysis Date:  04-10-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.90
#230 - 0.90

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

95.22

Phi 95

0.86

Mean mm

0.28

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.09 0.07 0.09 0.07

5 -2.00 4.00 0.00 0.00 0.09 0.07

7 -1.50 2.83 0.04 0.03 0.13 0.10

10 -1.00 2.00 0.08 0.06 0.21 0.16

14 -0.50 1.41 0.44 0.35 0.65 0.51

18 0.00 1.00 2.00 1.61 2.65 2.12

25 0.50 0.71 13.04 10.50 15.69 12.62

35 1.00 0.50 47.43 38.20 63.12 50.82

45 1.50 0.35 24.76 19.94 87.88 70.76

60 2.00 0.25 16.79 13.52 104.67 84.28

80 2.50 0.18 13.01 10.48 117.68 94.76

120 3.00 0.13 4.82 3.88 122.50 98.64

170 3.50 0.09 0.28 0.23 122.78 98.87

200 3.75 0.07 0.01 0.01 122.79 98.88

230 4.00 0.06 0.00 0.00 122.79 98.88

Wet - 5Y-5/1
Dry - 5Y-7/2SP

54,097 North Carolina State Plane

Granularmetric Report

2,183,837

Sorting

0.71

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.37

Kurtosis

3.31

-3.1 NAVD 88

Northing (ft):

Munsell:

0.06

Mean Phi

1.15

Phi 5

2.53

Phi 16

1.99

Phi 25

1.66

Phi 50

0.99

Phi 75

0.66

Phi 84

0.54

124.15 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 007 MLW

Analysis Date:  04-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.12
#230 - 1.12

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

122.87

Phi 95

0.14

Mean mm

0.45

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.01 0.01 0.01 0.01

4 -2.25 4.76 0.00 0.00 0.01 0.01

5 -2.00 4.00 0.21 0.19 0.22 0.20

7 -1.50 2.83 0.05 0.05 0.27 0.25

10 -1.00 2.00 0.02 0.02 0.29 0.27

14 -0.50 1.41 0.19 0.17 0.48 0.44

18 0.00 1.00 0.25 0.23 0.73 0.67

25 0.50 0.71 0.50 0.46 1.23 1.13

35 1.00 0.50 1.50 1.38 2.73 2.51

45 1.50 0.35 3.91 3.59 6.64 6.10

60 2.00 0.25 10.94 10.04 17.58 16.14

80 2.50 0.18 40.20 36.88 57.78 53.02

120 3.00 0.13 43.55 39.96 101.33 92.98

170 3.50 0.09 6.32 5.80 107.65 98.78

200 3.75 0.07 0.17 0.16 107.82 98.94

230 4.00 0.06 0.03 0.03 107.85 98.97

Wet - 5Y-4/1
Dry - 5Y-7/1SP

54,044 North Carolina State Plane

Granularmetric Report

2,183,841

Sorting

0.58

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.24

Kurtosis

14.06

-5.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.37

Phi 5

3.17

Phi 16

2.89

Phi 25

2.78

Phi 50

2.46

Phi 75

2.12

Phi 84

1.99

108.99 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 008TROUGH

Analysis Date:  04-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.06
#230 - 1.03

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

107.85

Phi 95

1.35

Mean mm

0.19

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.03 0.03 0.03 0.03

14 -0.50 1.41 0.06 0.06 0.09 0.09

18 0.00 1.00 0.12 0.13 0.21 0.22

25 0.50 0.71 0.28 0.29 0.49 0.51

35 1.00 0.50 1.74 1.83 2.23 2.34

45 1.50 0.35 7.01 7.38 9.24 9.72

60 2.00 0.25 21.49 22.61 30.73 32.33

80 2.50 0.18 35.49 37.34 66.22 69.67

120 3.00 0.13 25.08 26.39 91.30 96.06

170 3.50 0.09 2.57 2.70 93.87 98.76

200 3.75 0.07 0.07 0.07 93.94 98.83

230 4.00 0.06 0.00 0.00 93.94 98.83

Wet - 5Y-5/1
Dry - 5Y-6/1

Washed - 5Y-7/1SP

North Carolina State Plane

Granularmetric Report

Sorting

0.54

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.74

Kurtosis

4.47

-6.5 NAVD 88

Northing (ft):

Munsell:

0.15

Mean Phi

2.18

Phi 5

2.98

Phi 16

2.77

Phi 25

2.60

Phi 50

2.24

Phi 75

1.84

Phi 84

1.64

95.05 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 009BarCrest

Analysis Date:  02-04-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.17
#230 - 1.17

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

94.08

Phi 95

1.18

Mean mm

0.22

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.07 0.04 0.07 0.04

4 -2.25 4.76 0.07 0.04 0.14 0.08

5 -2.00 4.00 0.11 0.06 0.25 0.14

7 -1.50 2.83 0.20 0.11 0.45 0.25

10 -1.00 2.00 0.28 0.16 0.73 0.41

14 -0.50 1.41 0.55 0.31 1.28 0.72

18 0.00 1.00 1.05 0.59 2.33 1.31

25 0.50 0.71 2.64 1.50 4.97 2.81

35 1.00 0.50 7.40 4.19 12.37 7.00

45 1.50 0.35 12.00 6.80 24.37 13.80

60 2.00 0.25 19.44 11.01 43.81 24.81

80 2.50 0.18 48.00 27.19 91.81 52.00

120 3.00 0.13 63.23 35.82 155.04 87.82

170 3.50 0.09 17.10 9.69 172.14 97.51

200 3.75 0.07 1.38 0.78 173.52 98.29

230 4.00 0.06 0.34 0.19 173.86 98.48

Wet - 5Y-5/1
Dry - 5Y-6/1SP

53,791 North Carolina State Plane

Granularmetric Report

2,183,895

Sorting

0.77

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.52

Kurtosis

6.97

-8.8 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.28

Phi 5

3.37

Phi 16

2.95

Phi 25

2.82

Phi 50

2.46

Phi 75

2.00

Phi 84

1.60

176.51 0.10

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 010 (-8.75 ft)

Analysis Date:  06-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.71
#230 - 1.52

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

173.96

Phi 95

0.76

Mean mm

0.21

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.01 0.01 0.01 0.01

7 -1.50 2.83 0.09 0.07 0.10 0.08

10 -1.00 2.00 0.01 0.01 0.11 0.09

14 -0.50 1.41 0.04 0.03 0.15 0.12

18 0.00 1.00 0.06 0.05 0.21 0.17

25 0.50 0.71 0.12 0.10 0.33 0.27

35 1.00 0.50 0.36 0.29 0.69 0.56

45 1.50 0.35 0.79 0.63 1.48 1.19

60 2.00 0.25 1.86 1.48 3.34 2.67

80 2.50 0.18 6.31 5.02 9.65 7.69

120 3.00 0.13 52.43 41.73 62.08 49.42

170 3.50 0.09 52.55 41.82 114.63 91.24

200 3.75 0.07 6.23 4.96 120.86 96.20

230 4.00 0.06 1.43 1.14 122.29 97.34

Wet - 5Y-4/1
Dry - 5Y-6/1SP

53,540 North Carolina State Plane

Granularmetric Report

2,183,919

Sorting

0.45

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.4

Kurtosis

18.93

-12.5 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.96

Phi 5

3.69

Phi 16

3.41

Phi 25

3.31

Phi 50

3.01

Phi 75

2.71

Phi 84

2.60

125.65 0.36

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 011 (-12.5 ft)

Analysis Date:  06-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 3.80
#230 - 2.66

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

122.65

Phi 95

2.23

Mean mm

0.13

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.05 0.04 0.05 0.04

4 -2.25 4.76 0.21 0.16 0.26 0.20

5 -2.00 4.00 0.21 0.16 0.47 0.36

7 -1.50 2.83 0.27 0.21 0.74 0.57

10 -1.00 2.00 0.21 0.16 0.95 0.73

14 -0.50 1.41 0.29 0.23 1.24 0.96

18 0.00 1.00 0.27 0.21 1.51 1.17

25 0.50 0.71 0.51 0.40 2.02 1.57

35 1.00 0.50 1.26 0.98 3.28 2.55

45 1.50 0.35 2.54 1.98 5.82 4.53

60 2.00 0.25 6.06 4.73 11.88 9.26

80 2.50 0.18 12.42 9.70 24.30 18.96

120 3.00 0.13 45.87 35.83 70.17 54.79

170 3.50 0.09 46.19 36.08 116.36 90.87

200 3.75 0.07 6.38 4.98 122.74 95.85

230 4.00 0.06 0.16 0.12 122.90 95.97

Wet - 5Y-4/1
Dry - 5Y-6/2SP

53,188 North Carolina State Plane

Granularmetric Report

2,183,968

Sorting

0.74

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-3.01

Kurtosis

17.19

-16.3 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.77

Phi 5

3.71

Phi 16

3.40

Phi 25

3.28

Phi 50

2.93

Phi 75

2.58

Phi 84

2.35

128.02 1.66

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 012 (-16.25 ft)

Analysis Date:  06-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 4.15
#230 - 4.03

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

124.56

Phi 95

1.55

Mean mm

0.15

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.35 0.25 0.35 0.25

5/16" -3.00 8.00 0.11 0.08 0.46 0.33

3.5 -2.50 5.66 0.14 0.10 0.60 0.43

4 -2.25 4.76 0.00 0.00 0.60 0.43

5 -2.00 4.00 0.08 0.06 0.68 0.49

7 -1.50 2.83 0.33 0.24 1.01 0.73

10 -1.00 2.00 0.23 0.17 1.24 0.90

14 -0.50 1.41 0.24 0.17 1.48 1.07

18 0.00 1.00 0.22 0.16 1.70 1.23

25 0.50 0.71 0.40 0.29 2.10 1.52

35 1.00 0.50 0.82 0.59 2.92 2.11

45 1.50 0.35 1.30 0.94 4.22 3.05

60 2.00 0.25 3.01 2.18 7.23 5.23

80 2.50 0.18 12.96 9.39 20.19 14.62

120 3.00 0.13 52.24 37.83 72.43 52.45

170 3.50 0.09 44.94 32.54 117.37 84.99

200 3.75 0.07 8.06 5.84 125.43 90.83

230 4.00 0.06 2.54 1.84 127.97 92.67

Wet - 5Y-4/2
Dry - 5Y-6/2SP-SM

52,664 North Carolina State Plane

Granularmetric Report

2,183,667

Sorting

0.77

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-4.17

Kurtosis

29.95

-20.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.83

Phi 5 Phi 16

3.48

Phi 25

3.35

Phi 50

2.97

Phi 75

2.64

Phi 84

2.52

138.09 0.82

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 013 (-20 ft)

Analysis Date:  06-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 9.17
#230 - 7.33

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

128.79

Phi 95

1.95

Mean mm

0.14

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.00 0.00 0.00 0.00

18 0.00 1.00 0.01 0.01 0.01 0.01

25 0.50 0.71 0.10 0.08 0.11 0.09

35 1.00 0.50 1.93 1.60 2.04 1.69

45 1.50 0.35 18.32 15.20 20.36 16.89

60 2.00 0.25 55.38 45.94 75.74 62.83

80 2.50 0.18 34.33 28.48 110.07 91.31

120 3.00 0.13 7.08 5.87 117.15 97.18

170 3.50 0.09 0.76 0.63 117.91 97.81

200 3.75 0.07 0.03 0.02 117.94 97.83

230 4.00 0.06 0.00 0.00 117.94 97.83

Wet - 5Y-6/1
Dry - 5Y-8/1SP

53,833 North Carolina State Plane

Granularmetric Report

2,182,428

Sorting

0.44

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.12

Kurtosis

3.4

9.5 NAVD 88

Northing (ft):

Munsell:

0.08

Mean Phi

1.87

Phi 5

2.81

Phi 16

2.37

Phi 25

2.21

Phi 50

1.86

Phi 75

1.59

Phi 84

1.47

120.55 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 001 DUNE

Analysis Date:  04-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 2.17
#230 - 2.17

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

118.04

Phi 95

1.11

Mean mm

0.27

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.04 0.03 0.04 0.03

18 0.00 1.00 0.08 0.06 0.12 0.09

25 0.50 0.71 0.29 0.23 0.41 0.32

35 1.00 0.50 5.55 4.48 5.96 4.80

45 1.50 0.35 36.27 29.26 42.23 34.06

60 2.00 0.25 54.75 44.17 96.98 78.23

80 2.50 0.18 22.89 18.47 119.87 96.70

120 3.00 0.13 3.37 2.72 123.24 99.42

170 3.50 0.09 0.47 0.38 123.71 99.80

200 3.75 0.07 0.03 0.02 123.74 99.82

230 4.00 0.06 0.00 0.00 123.74 99.82

Wet - 5Y-7/2
Dry - 5Y-7/2SP

53,827 North Carolina State Plane

Granularmetric Report

2,182,434

Sorting

0.45

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.1

Kurtosis

3.67

8.3 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

1.68

Phi 5

2.45

Phi 16

2.16

Phi 25

1.96

Phi 50

1.68

Phi 75

1.35

Phi 84

1.19

123.95 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 002TOD

Analysis Date:  04-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.18
#230 - 0.18

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

123.74

Phi 95

1.00

Mean mm

0.31

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.26 0.22 0.26 0.22

10 -1.00 2.00 0.21 0.18 0.47 0.40

14 -0.50 1.41 0.23 0.20 0.70 0.60

18 0.00 1.00 0.53 0.45 1.23 1.05

25 0.50 0.71 1.87 1.60 3.10 2.65

35 1.00 0.50 10.21 8.76 13.31 11.41

45 1.50 0.35 27.86 23.89 41.17 35.30

60 2.00 0.25 42.84 36.74 84.01 72.04

80 2.50 0.18 24.66 21.15 108.67 93.19

120 3.00 0.13 6.52 5.59 115.19 98.78

170 3.50 0.09 1.01 0.87 116.20 99.65

200 3.75 0.07 0.05 0.04 116.25 99.69

230 4.00 0.06 0.00 0.00 116.25 99.69

Wet - 5Y-6/1
Dry - 5Y-7/2SP

53,817 North Carolina State Plane

Granularmetric Report

2,182,436

Sorting

0.62

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.74

Kurtosis

5.92

6.2 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

1.67

Phi 5

2.66

Phi 16

2.28

Phi 25

2.07

Phi 50

1.70

Phi 75

1.28

Phi 84

1.10

116.61 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 003MIDBERM

Analysis Date:  04-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.31
#230 - 0.31

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

116.25

Phi 95

0.63

Mean mm

0.31

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.02 0.02 0.02 0.02

14 -0.50 1.41 0.01 0.01 0.03 0.03

18 0.00 1.00 0.10 0.08 0.13 0.11

25 0.50 0.71 0.32 0.26 0.45 0.37

35 1.00 0.50 4.82 3.98 5.27 4.35

45 1.50 0.35 31.46 26.01 36.73 30.36

60 2.00 0.25 53.83 44.50 90.56 74.86

80 2.50 0.18 25.85 21.37 116.41 96.23

120 3.00 0.13 3.56 2.94 119.97 99.17

170 3.50 0.09 0.53 0.44 120.50 99.61

200 3.75 0.07 0.03 0.02 120.53 99.63

230 4.00 0.06 0.00 0.00 120.53 99.63

Wet - 5Y-6/1
Dry - 5Y-7/2SP

53,798 North Carolina State Plane

Granularmetric Report

2,182,437

Sorting

0.46

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0

Kurtosis

3.8

3.6 NAVD 88

Northing (ft):

Munsell:

0.08

Mean Phi

1.72

Phi 5

2.47

Phi 16

2.21

Phi 25

2.00

Phi 50

1.72

Phi 75

1.40

Phi 84

1.22

120.96 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 004BERMCRST

Analysis Date:  04-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.37
#230 - 0.37

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

120.63

Phi 95

1.01

Mean mm

0.30

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.00 0.00 0.00 0.00

18 0.00 1.00 0.00 0.00 0.00 0.00

25 0.50 0.71 0.08 0.08 0.08 0.08

35 1.00 0.50 0.94 0.99 1.02 1.07

45 1.50 0.35 9.50 9.97 10.52 11.04

60 2.00 0.25 33.78 35.46 44.30 46.50

80 2.50 0.18 38.42 40.33 82.72 86.83

120 3.00 0.13 10.39 10.91 93.11 97.74

170 3.50 0.09 0.97 1.02 94.08 98.76

200 3.75 0.07 0.05 0.05 94.13 98.81

230 4.00 0.06 0.00 0.00 94.13 98.81

Wet - 5Y-5/1
Dry - 5Y-7/1

Washed - 5Y-7/1SP

53,827 North Carolina State Plane

Granularmetric Report

2,182,434

Sorting

0.45

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.09

Kurtosis

3.21

1.2 NAVD 88

Northing (ft):

Munsell:

0.12

Mean Phi

2.02

Phi 5

2.87

Phi 16

2.46

Phi 25

2.35

Phi 50

2.04

Phi 75

1.70

Phi 84

1.57

95.27 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 005 MHW

Analysis Date:  02-04-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.19
#230 - 1.19

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

94.24

Phi 95

1.20

Mean mm

0.25

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102

G
R

A
N

U
LA

R
M

E
T

R
IC

 R
E

P
O

R
T

  O
IB

_N
A

T
IV

E
S

S
_A

P
R

IL
20

13
_N

A
V

D
.G

P
J 

 J
P

B
R

A
Z

IL
.G

D
T

  3
/1

8
/1

4



3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.11 0.10 0.11 0.10

7 -1.50 2.83 0.00 0.00 0.11 0.10

10 -1.00 2.00 0.02 0.02 0.13 0.12

14 -0.50 1.41 0.02 0.02 0.15 0.14

18 0.00 1.00 0.16 0.15 0.31 0.29

25 0.50 0.71 0.99 0.92 1.30 1.21

35 1.00 0.50 11.74 10.90 13.04 12.11

45 1.50 0.35 20.21 18.76 33.25 30.87

60 2.00 0.25 25.36 23.54 58.61 54.41

80 2.50 0.18 30.77 28.56 89.38 82.97

120 3.00 0.13 16.12 14.96 105.50 97.93

170 3.50 0.09 1.13 1.05 106.63 98.98

200 3.75 0.07 0.03 0.03 106.66 99.01

230 4.00 0.06 0.00 0.00 106.66 99.01

Wet - 5Y-5/1
Dry - 5Y-7/1SP

53,759 North Carolina State Plane

Granularmetric Report

2,182,445

Sorting

0.67

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.45

Kurtosis

3.56

0.2 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

1.84

Phi 5

2.90

Phi 16

2.53

Phi 25

2.36

Phi 50

1.91

Phi 75

1.34

Phi 84

1.10

107.75 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 006 MTL

Analysis Date:  04-15-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.99
#230 - 0.99

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

106.66

Phi 95

0.67

Mean mm

0.28

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102

G
R

A
N

U
LA

R
M

E
T

R
IC

 R
E

P
O

R
T

  O
IB

_N
A

T
IV

E
S

S
_A

P
R

IL
20

13
_N

A
V

D
.G

P
J 

 J
P

B
R

A
Z

IL
.G

D
T

  3
/1

8
/1

4



3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 2.99 2.55 2.99 2.55

5/16" -3.00 8.00 2.69 2.30 5.68 4.85

3.5 -2.50 5.66 0.86 0.73 6.54 5.58

4 -2.25 4.76 0.64 0.55 7.18 6.13

5 -2.00 4.00 1.15 0.98 8.33 7.11

7 -1.50 2.83 1.81 1.55 10.14 8.66

10 -1.00 2.00 2.40 2.05 12.54 10.71

14 -0.50 1.41 5.45 4.65 17.99 15.36

18 0.00 1.00 9.98 8.52 27.97 23.88

25 0.50 0.71 17.15 14.64 45.12 38.52

35 1.00 0.50 25.48 21.76 70.60 60.28

45 1.50 0.35 19.10 16.31 89.70 76.59

60 2.00 0.25 13.79 11.77 103.49 88.36

80 2.50 0.18 8.92 7.62 112.41 95.98

120 3.00 0.13 3.36 2.87 115.77 98.85

170 3.50 0.09 0.20 0.17 115.97 99.02

200 3.75 0.07 0.01 0.01 115.98 99.03

230 4.00 0.06 0.00 0.00 115.98 99.03

Wet - 5Y-5/1
Dry - 5Y-7/1SW

53,620 North Carolina State Plane

Granularmetric Report

2,182,460

Sorting

1.39

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.22

Kurtosis

4.71

-3.2 NAVD 88

Northing (ft):

Munsell:

0.11

Mean Phi

0.54

Phi 5

2.44

Phi 16

1.81

Phi 25

1.45

Phi 50

0.76

Phi 75

0.04

Phi 84

-0.46

117.12 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 007 MLW

Analysis Date:  04-15-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.97
#230 - 0.97

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

116.11

Phi 95

-2.90

Mean mm

0.69

Moment

Statistics

Fines (%):

3

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.69 0.47 0.69 0.47

3.5 -2.50 5.66 0.57 0.38 1.26 0.85

4 -2.25 4.76 0.61 0.41 1.87 1.26

5 -2.00 4.00 0.33 0.22 2.20 1.48

7 -1.50 2.83 0.65 0.44 2.85 1.92

10 -1.00 2.00 0.54 0.36 3.39 2.28

14 -0.50 1.41 0.66 0.45 4.05 2.73

18 0.00 1.00 0.99 0.67 5.04 3.40

25 0.50 0.71 1.16 0.78 6.20 4.18

35 1.00 0.50 3.09 2.08 9.29 6.26

45 1.50 0.35 6.52 4.40 15.81 10.66

60 2.00 0.25 18.52 12.49 34.33 23.15

80 2.50 0.18 61.27 41.33 95.60 64.48

120 3.00 0.13 45.01 30.36 140.61 94.84

170 3.50 0.09 5.09 3.43 145.70 98.27

200 3.75 0.07 0.19 0.13 145.89 98.40

230 4.00 0.06 0.04 0.03 145.93 98.43

Wet - 5Y-4/1
Dry - 5Y-7/1SW

53,590 North Carolina State Plane

Granularmetric Report

2,182,467

Sorting

0.91

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-3.17

Kurtosis

16.05

-5.1 NAVD 88

Northing (ft):

Munsell:

0.08

Mean Phi

2.15

Phi 5

3.02

Phi 16

2.82

Phi 25

2.67

Phi 50

2.32

Phi 75

2.02

Phi 84

1.71

148.24 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 008TROUGH

Analysis Date:  04-15-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.60
#230 - 1.57

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

146.05

Phi 95

0.70

Mean mm

0.23

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.08 0.08 0.08 0.08

5 -2.00 4.00 0.26 0.27 0.34 0.35

7 -1.50 2.83 1.03 1.08 1.37 1.43

10 -1.00 2.00 0.97 1.02 2.34 2.45

14 -0.50 1.41 1.22 1.28 3.56 3.73

18 0.00 1.00 2.14 2.24 5.70 5.97

25 0.50 0.71 4.85 5.09 10.55 11.06

35 1.00 0.50 16.58 17.39 27.13 28.45

45 1.50 0.35 23.56 24.71 50.69 53.16

60 2.00 0.25 19.31 20.25 70.00 73.41

80 2.50 0.18 15.52 16.28 85.52 89.69

120 3.00 0.13 8.02 8.41 93.54 98.10

170 3.50 0.09 0.72 0.76 94.26 98.86

200 3.75 0.07 0.01 0.01 94.27 98.87

230 4.00 0.06 0.00 0.00 94.27 98.87

Wet - 5Y-5/1
Dry - 5Y-6/1

Washed - 5Y-7/1SW

North Carolina State Plane

Granularmetric Report

Sorting

0.91

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.89

Kurtosis

4.71

-6.5 NAVD 88

Northing (ft):

Munsell:

0.08

Mean Phi

1.39

Phi 5

2.82

Phi 16

2.33

Phi 25

2.05

Phi 50

1.44

Phi 75

0.90

Phi 84

0.64

95.35 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 009BarCrest

Analysis Date:  03-17-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.13
#230 - 1.13

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

94.35

Phi 95

-0.22

Mean mm

0.38

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.72 0.43 0.72 0.43

5/16" -3.00 8.00 0.00 0.00 0.72 0.43

3.5 -2.50 5.66 0.23 0.14 0.95 0.57

4 -2.25 4.76 0.23 0.14 1.18 0.71

5 -2.00 4.00 0.10 0.06 1.28 0.77

7 -1.50 2.83 0.59 0.35 1.87 1.12

10 -1.00 2.00 0.60 0.36 2.47 1.48

14 -0.50 1.41 1.06 0.63 3.53 2.11

18 0.00 1.00 1.42 0.84 4.95 2.95

25 0.50 0.71 2.34 1.39 7.29 4.34

35 1.00 0.50 4.56 2.71 11.85 7.05

45 1.50 0.35 5.81 3.45 17.66 10.50

60 2.00 0.25 8.28 4.92 25.94 15.42

80 2.50 0.18 22.44 13.33 48.38 28.75

120 3.00 0.13 80.78 48.00 129.16 76.75

170 3.50 0.09 32.94 19.57 162.10 96.32

200 3.75 0.07 2.60 1.55 164.70 97.87

230 4.00 0.06 0.65 0.39 165.35 98.26

Wet - 5Y-4/1
Dry - 5Y-6/1SW

53,308 North Carolina State Plane

Granularmetric Report

2,182,420

Sorting

0.96

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.92

Kurtosis

14.76

-8.8 NAVD 88

Northing (ft):

Munsell:

0.01

Mean Phi

2.48

Phi 5

3.47

Phi 16

3.19

Phi 25

2.98

Phi 50

2.72

Phi 75

2.36

Phi 84

2.02

168.28 0.24

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 010 (-8.75 ft)

Analysis Date:  06-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 2.13
#230 - 1.74

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

165.60

Phi 95

0.62

Mean mm

0.18

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.05 0.03 0.05 0.03

7 -1.50 2.83 0.15 0.09 0.20 0.12

10 -1.00 2.00 0.12 0.07 0.32 0.19

14 -0.50 1.41 0.10 0.06 0.42 0.25

18 0.00 1.00 0.08 0.05 0.50 0.30

25 0.50 0.71 0.17 0.10 0.67 0.40

35 1.00 0.50 0.59 0.34 1.26 0.74

45 1.50 0.35 1.15 0.66 2.41 1.40

60 2.00 0.25 2.19 1.27 4.60 2.67

80 2.50 0.18 9.02 5.21 13.62 7.88

120 3.00 0.13 75.46 43.59 89.08 51.47

170 3.50 0.09 68.53 39.59 157.61 91.06

200 3.75 0.07 9.73 5.62 167.34 96.68

230 4.00 0.06 1.97 1.14 169.31 97.82

Wet - 5Y-4/2
Dry - 5Y-6/2SP

53,111 North Carolina State Plane

Granularmetric Report

2,182,471

Sorting

0.48

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.89

Kurtosis

23.47

-12.5 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.94

Phi 5

3.68

Phi 16

3.41

Phi 25

3.30

Phi 50

2.98

Phi 75

2.70

Phi 84

2.59

173.10 0.43

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 011 (-12.5 ft)

Analysis Date:  06-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 3.32
#230 - 2.18

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

169.74

Phi 95

2.22

Mean mm

0.13

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.21 0.11 0.21 0.11

3.5 -2.50 5.66 0.00 0.00 0.21 0.11

4 -2.25 4.76 0.03 0.02 0.24 0.13

5 -2.00 4.00 0.11 0.06 0.35 0.19

7 -1.50 2.83 0.35 0.19 0.70 0.38

10 -1.00 2.00 0.33 0.18 1.03 0.56

14 -0.50 1.41 0.42 0.23 1.45 0.79

18 0.00 1.00 0.39 0.21 1.84 1.00

25 0.50 0.71 0.81 0.44 2.65 1.44

35 1.00 0.50 3.30 1.78 5.95 3.22

45 1.50 0.35 4.37 2.36 10.32 5.58

60 2.00 0.25 5.94 3.20 16.26 8.78

80 2.50 0.18 14.35 7.74 30.61 16.52

120 3.00 0.13 63.54 34.25 94.15 50.77

170 3.50 0.09 69.67 37.56 163.82 88.33

200 3.75 0.07 10.97 5.91 174.79 94.24

230 4.00 0.06 1.54 0.83 176.33 95.07

Wet - 5Y-4/2
Dry - 5Y-6/2SP-SM

52,882 North Carolina State Plane

Granularmetric Report

2,182,508

Sorting

0.74

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.85

Kurtosis

16.01

-16.3 NAVD 88

Northing (ft):

Munsell:

0.21

Mean Phi

2.81

Phi 5

3.98

Phi 16

3.44

Phi 25

3.32

Phi 50

2.99

Phi 75

2.62

Phi 84

2.47

185.51 3.25

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 012 (-16.25 ft)

Analysis Date:  06-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 5.76
#230 - 4.93

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

179.97

Phi 95

1.38

Mean mm

0.14

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.97 0.47 0.97 0.47

5/16" -3.00 8.00 0.00 0.00 0.97 0.47

3.5 -2.50 5.66 0.89 0.43 1.86 0.90

4 -2.25 4.76 0.25 0.12 2.11 1.02

5 -2.00 4.00 0.49 0.24 2.60 1.26

7 -1.50 2.83 0.91 0.44 3.51 1.70

10 -1.00 2.00 1.42 0.68 4.93 2.38

14 -0.50 1.41 1.53 0.74 6.46 3.12

18 0.00 1.00 1.21 0.58 7.67 3.70

25 0.50 0.71 1.96 0.94 9.63 4.64

35 1.00 0.50 7.49 3.60 17.12 8.24

45 1.50 0.35 8.06 3.88 25.18 12.12

60 2.00 0.25 8.69 4.18 33.87 16.30

80 2.50 0.18 22.83 10.98 56.70 27.28

120 3.00 0.13 56.93 27.38 113.63 54.66

170 3.50 0.09 60.05 28.88 173.68 83.54

200 3.75 0.07 13.57 6.53 187.25 90.07

230 4.00 0.06 5.97 2.87 193.22 92.94

Wet - 5Y-4/2
Dry - 5Y-6/2SW-SM

52,461 North Carolina State Plane

Granularmetric Report

2,182,578

Sorting

1.15

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.46

Kurtosis

10.81

-20.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.56

Phi 5 Phi 16

3.52

Phi 25

3.35

Phi 50

2.91

Phi 75

2.40

Phi 84

1.96

207.90 2.71

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 013 (-20 ft)

Analysis Date:  06-17-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 9.93
#230 - 7.06

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

195.93

Phi 95

0.55

Mean mm

0.17

Moment

Statistics

Fines (%):

1

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.00 0.00 0.00 0.00

18 0.00 1.00 0.02 0.02 0.02 0.02

25 0.50 0.71 0.16 0.14 0.18 0.16

35 1.00 0.50 2.54 2.17 2.72 2.33

45 1.50 0.35 16.62 14.21 19.34 16.54

60 2.00 0.25 48.79 41.70 68.13 58.24

80 2.50 0.18 37.62 32.16 105.75 90.40

120 3.00 0.13 9.94 8.50 115.69 98.90

170 3.50 0.09 0.99 0.85 116.68 99.75

200 3.75 0.07 0.07 0.06 116.75 99.81

230 4.00 0.06 0.01 0.01 116.76 99.82

Wet - 5Y-7/1
Dry - 5Y-8/1

Washed - 5Y-7/1SP

North Carolina State Plane

Granularmetric Report

Sorting

0.47

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.01

Kurtosis

3.3

-0.5 NAVD 88

Northing (ft):

Munsell:

0.06

Mean Phi

1.91

Phi 5

2.77

Phi 16

2.40

Phi 25

2.26

Phi 50

1.90

Phi 75

1.60

Phi 84

1.48

116.99 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB040 001 DUNE

Analysis Date:  03-17-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 0.19
#230 - 0.18

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

116.83

Phi 95

1.09

Mean mm

0.27

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.00 0.00 0.00 0.00

18 0.00 1.00 0.01 0.01 0.01 0.01

25 0.50 0.71 0.03 0.03 0.04 0.04

35 1.00 0.50 0.51 0.44 0.55 0.48

45 1.50 0.35 3.47 3.02 4.02 3.50

60 2.00 0.25 18.95 16.51 22.97 20.01

80 2.50 0.18 56.51 49.23 79.48 69.24

120 3.00 0.13 31.61 27.54 111.09 96.78

170 3.50 0.09 3.22 2.81 114.31 99.59

200 3.75 0.07 0.19 0.17 114.50 99.76

230 4.00 0.06 0.01 0.01 114.51 99.77

Wet - 5Y-6/1
Dry - 5Y-7/1SP

52,836 North Carolina State Plane

Granularmetric Report

2,179,202

Sorting

0.43

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.37

Kurtosis

3.82

12.2 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.3

Phi 5

2.97

Phi 16

2.77

Phi 25

2.60

Phi 50

2.30

Phi 75

2.05

Phi 84

1.88

114.78 0.02

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 001 DUNE

Analysis Date:  04-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.24
#230 - 0.23

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

114.53

Phi 95

1.55

Mean mm

0.20

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102

G
R

A
N

U
LA

R
M

E
T

R
IC

 R
E

P
O

R
T

  O
IB

_N
A

T
IV

E
S

S
_A

P
R

IL
20

13
_N

A
V

D
.G

P
J 

 J
P

B
R

A
Z

IL
.G

D
T

  3
/1

8
/1

4



3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.05 0.04 0.05 0.04

14 -0.50 1.41 0.13 0.11 0.18 0.15

18 0.00 1.00 0.69 0.58 0.87 0.73

25 0.50 0.71 4.78 4.04 5.65 4.77

35 1.00 0.50 15.69 13.25 21.34 18.02

45 1.50 0.35 18.40 15.53 39.74 33.55

60 2.00 0.25 36.41 30.74 76.15 64.29

80 2.50 0.18 31.88 26.91 108.03 91.20

120 3.00 0.13 8.79 7.42 116.82 98.62

170 3.50 0.09 1.19 1.00 118.01 99.62

200 3.75 0.07 0.11 0.09 118.12 99.71

230 4.00 0.06 0.03 0.03 118.15 99.74

Wet - 5Y-6/1
Dry - 5Y-8/1SP

52,825 North Carolina State Plane

Granularmetric Report

2,179,206

Sorting

0.68

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.41

Kurtosis

2.98

9.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

1.69

Phi 5

2.76

Phi 16

2.37

Phi 25

2.20

Phi 50

1.77

Phi 75

1.22

Phi 84

0.92

118.45 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 002 TOD

Analysis Date:  04-15-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.29
#230 - 0.26

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

118.15

Phi 95

0.51

Mean mm

0.31

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.04 0.03 0.04 0.03

18 0.00 1.00 0.03 0.03 0.07 0.06

25 0.50 0.71 0.09 0.08 0.16 0.14

35 1.00 0.50 3.00 2.54 3.16 2.68

45 1.50 0.35 26.47 22.44 29.63 25.12

60 2.00 0.25 49.73 42.16 79.36 67.28

80 2.50 0.18 29.81 25.27 109.17 92.55

120 3.00 0.13 6.94 5.88 116.11 98.43

170 3.50 0.09 1.35 1.14 117.46 99.57

200 3.75 0.07 0.14 0.12 117.60 99.69

230 4.00 0.06 0.02 0.02 117.62 99.71

Wet - 5Y-6/1
Dry - 5Y-8/1SP

52,796 North Carolina State Plane

Granularmetric Report

2,179,212

Sorting

0.49

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.25

Kurtosis

3.58

7.7 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

1.81

Phi 5

2.71

Phi 16

2.33

Phi 25

2.15

Phi 50

1.80

Phi 75

1.50

Phi 84

1.30

117.96 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 003MIDBERM

Analysis Date:  04-15-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.31
#230 - 0.29

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

117.62

Phi 95

1.05

Mean mm

0.29

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.00 0.00 0.00 0.00

18 0.00 1.00 0.00 0.00 0.00 0.00

25 0.50 0.71 0.04 0.03 0.04 0.03

35 1.00 0.50 0.41 0.35 0.45 0.38

45 1.50 0.35 5.92 5.09 6.37 5.47

60 2.00 0.25 51.48 44.28 57.85 49.75

80 2.50 0.18 50.05 43.05 107.90 92.80

120 3.00 0.13 7.19 6.18 115.09 98.98

170 3.50 0.09 0.54 0.46 115.63 99.44

200 3.75 0.07 0.05 0.04 115.68 99.48

230 4.00 0.06 0.00 0.00 115.68 99.48

Wet - 5Y-7/2
Dry - 5Y-7/1SP

52,745 North Carolina State Plane

Granularmetric Report

2,179,228

Sorting

0.37

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.08

Kurtosis

3.67

3.5 NAVD 88

Northing (ft):

Munsell:

0.11

Mean Phi

2.01

Phi 5

2.68

Phi 16

2.40

Phi 25

2.29

Phi 50

2.00

Phi 75

1.72

Phi 84

1.62

116.26 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 004BERMCRST

Analysis Date:  04-15-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.52
#230 - 0.52

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

115.81

Phi 95

1.45

Mean mm

0.25

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.08 0.09 0.08 0.09

4 -2.25 4.76 0.00 0.00 0.08 0.09

5 -2.00 4.00 0.18 0.19 0.26 0.28

7 -1.50 2.83 0.38 0.41 0.64 0.69

10 -1.00 2.00 0.28 0.30 0.92 0.99

14 -0.50 1.41 0.53 0.57 1.45 1.56

18 0.00 1.00 0.85 0.91 2.30 2.47

25 0.50 0.71 1.86 1.98 4.16 4.45

35 1.00 0.50 7.48 7.98 11.64 12.43

45 1.50 0.35 19.12 20.39 30.76 32.82

60 2.00 0.25 29.15 31.09 59.91 63.91

80 2.50 0.18 23.07 24.60 82.98 88.51

120 3.00 0.13 8.81 9.40 91.79 97.91

170 3.50 0.09 0.81 0.86 92.60 98.77

200 3.75 0.07 0.04 0.04 92.64 98.81

230 4.00 0.06 0.01 0.01 92.65 98.82

Wet - 5Y-5/1
Dry - 5Y-6/1

Washed - 5Y-7/1SP

52,732 North Carolina State Plane

Granularmetric Report

2,179,244

Sorting

0.74

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.34

Kurtosis

7.48

1.3 NAVD 88

Northing (ft):

Munsell:

0.11

Mean Phi

1.7

Phi 5

2.85

Phi 16

2.41

Phi 25

2.23

Phi 50

1.78

Phi 75

1.31

Phi 84

1.09

93.77 0.01

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 005 MHW

Analysis Date:  02-04-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.19
#230 - 1.18

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

92.76

Phi 95

0.53

Mean mm

0.31

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.10 0.09 0.10 0.09

5 -2.00 4.00 0.00 0.00 0.10 0.09

7 -1.50 2.83 0.07 0.07 0.17 0.16

10 -1.00 2.00 0.07 0.07 0.24 0.23

14 -0.50 1.41 0.23 0.22 0.47 0.45

18 0.00 1.00 0.52 0.49 0.99 0.94

25 0.50 0.71 1.04 0.98 2.03 1.92

35 1.00 0.50 3.57 3.36 5.60 5.28

45 1.50 0.35 10.28 9.69 15.88 14.97

60 2.00 0.25 25.46 23.99 41.34 38.96

80 2.50 0.18 39.35 37.08 80.69 76.04

120 3.00 0.13 22.27 20.99 102.96 97.03

170 3.50 0.09 2.01 1.89 104.97 98.92

200 3.75 0.07 0.06 0.06 105.03 98.98

230 4.00 0.06 0.01 0.01 105.04 98.99

Wet - 5Y-5/1
Dry - 5Y-7/1SP

52,691 North Carolina State Plane

Granularmetric Report

2,179,248

Sorting

0.63

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.33

Kurtosis

7.5

0.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.06

Phi 5

2.95

Phi 16

2.69

Phi 25

2.49

Phi 50

2.15

Phi 75

1.71

Phi 84

1.52

106.12 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 006 MTL

Analysis Date:  04-16-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.02
#230 - 1.01

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

105.04

Phi 95

0.96

Mean mm

0.24

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.74 0.66 0.74 0.66

3.5 -2.50 5.66 0.81 0.72 1.55 1.38

4 -2.25 4.76 0.45 0.40 2.00 1.78

5 -2.00 4.00 1.34 1.19 3.34 2.97

7 -1.50 2.83 1.36 1.21 4.70 4.18

10 -1.00 2.00 1.89 1.68 6.59 5.86

14 -0.50 1.41 3.76 3.34 10.35 9.20

18 0.00 1.00 6.51 5.79 16.86 14.99

25 0.50 0.71 13.11 11.66 29.97 26.65

35 1.00 0.50 22.08 19.63 52.05 46.28

45 1.50 0.35 19.18 17.05 71.23 63.33

60 2.00 0.25 19.73 17.54 90.96 80.87

80 2.50 0.18 14.00 12.45 104.96 93.32

120 3.00 0.13 5.99 5.33 110.95 98.65

170 3.50 0.09 0.45 0.40 111.40 99.05

200 3.75 0.07 0.02 0.02 111.42 99.07

230 4.00 0.06 0.00 0.00 111.42 99.07

Wet - 5Y-5/1
Dry - 5Y-7/1SW

52,524 North Carolina State Plane

Granularmetric Report

2,179,287

Sorting

1.15

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.98

Kurtosis

4.42

-3.0 NAVD 88

Northing (ft):

Munsell:

0.08

Mean Phi

0.99

Phi 5

2.66

Phi 16

2.13

Phi 25

1.83

Phi 50

1.11

Phi 75

0.43

Phi 84

0.04

112.48 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 007 MLW

Analysis Date:  04-16-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.93
#230 - 0.93

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

111.51

Phi 95

-1.26

Mean mm

0.50

Moment

Statistics

Fines (%):

2

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.13 0.12 0.13 0.12

4 -2.25 4.76 0.05 0.05 0.18 0.17

5 -2.00 4.00 0.00 0.00 0.18 0.17

7 -1.50 2.83 0.04 0.04 0.22 0.21

10 -1.00 2.00 0.05 0.05 0.27 0.26

14 -0.50 1.41 0.09 0.08 0.36 0.34

18 0.00 1.00 0.21 0.19 0.57 0.53

25 0.50 0.71 0.41 0.37 0.98 0.90

35 1.00 0.50 1.85 1.68 2.83 2.58

45 1.50 0.35 7.09 6.45 9.92 9.03

60 2.00 0.25 22.40 20.37 32.32 29.40

80 2.50 0.18 48.14 43.79 80.46 73.19

120 3.00 0.13 26.13 23.77 106.59 96.96

170 3.50 0.09 2.12 1.93 108.71 98.89

200 3.75 0.07 0.05 0.05 108.76 98.94

230 4.00 0.06 0.01 0.01 108.77 98.95

Wet - 5Y-4/1
Dry - 5Y-7/1SP

52,478 North Carolina State Plane

Granularmetric Report

2,179,299

Sorting

0.56

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.94

Kurtosis

14.13

-5.1 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.17

Phi 5

2.96

Phi 16

2.73

Phi 25

2.54

Phi 50

2.24

Phi 75

1.89

Phi 84

1.67

109.94 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 008TROUGH

Analysis Date:  04-16-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.06
#230 - 1.05

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

108.77

Phi 95

1.19

Mean mm

0.22

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.58 0.62 0.58 0.62

4 -2.25 4.76 0.00 0.00 0.58 0.62

5 -2.00 4.00 0.04 0.04 0.62 0.66

7 -1.50 2.83 0.30 0.32 0.92 0.98

10 -1.00 2.00 0.35 0.37 1.27 1.35

14 -0.50 1.41 0.44 0.47 1.71 1.82

18 0.00 1.00 1.14 1.21 2.85 3.03

25 0.50 0.71 3.26 3.47 6.11 6.50

35 1.00 0.50 14.59 15.54 20.70 22.04

45 1.50 0.35 24.86 26.49 45.56 48.53

60 2.00 0.25 23.94 25.51 69.50 74.04

80 2.50 0.18 14.34 15.28 83.84 89.32

120 3.00 0.13 7.76 8.27 91.60 97.59

170 3.50 0.09 1.03 1.10 92.63 98.69

200 3.75 0.07 0.02 0.02 92.65 98.71

230 4.00 0.06 0.01 0.01 92.66 98.72

Wet - 5Y-5/1
Dry - 5Y-6/1

Washed - 5Y-7/1SP

North Carolina State Plane

Granularmetric Report

Sorting

0.82

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.17

Kurtosis

7.55

-6.5 NAVD 88

Northing (ft):

Munsell:

0.16

Mean Phi

1.5

Phi 5

2.84

Phi 16

2.33

Phi 25

2.03

Phi 50

1.53

Phi 75

1.06

Phi 84

0.81

93.86 0.00

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 009BarCrest

Analysis Date:  02-04-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.29
#230 - 1.28

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

92.81

Phi 95

0.28

Mean mm

0.35

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.01 0.01 0.01 0.01

5 -2.00 4.00 0.18 0.10 0.19 0.11

7 -1.50 2.83 0.37 0.20 0.56 0.31

10 -1.00 2.00 0.25 0.13 0.81 0.44

14 -0.50 1.41 0.60 0.32 1.41 0.76

18 0.00 1.00 0.63 0.34 2.04 1.10

25 0.50 0.71 1.12 0.60 3.16 1.70

35 1.00 0.50 2.35 1.27 5.51 2.97

45 1.50 0.35 3.24 1.74 8.75 4.71

60 2.00 0.25 6.04 3.25 14.79 7.96

80 2.50 0.18 25.38 13.66 40.17 21.62

120 3.00 0.13 102.07 54.95 142.24 76.57

170 3.50 0.09 37.04 19.94 179.28 96.51

200 3.75 0.07 2.76 1.49 182.04 98.00

230 4.00 0.06 0.58 0.31 182.62 98.31

Wet - 5Y-4/1
Dry - 5Y-6/1SP

52,216 North Carolina State Plane

Granularmetric Report

2,179,361

Sorting

0.64

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.93

Kurtosis

16.55

-8.8 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.66

Phi 5

3.46

Phi 16

3.19

Phi 25

2.99

Phi 50

2.76

Phi 75

2.53

Phi 84

2.29

185.76 0.29

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 010 -8.75 ft

Analysis Date:  06-17-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 2.00
#230 - 1.69

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

182.91

Phi 95

1.54

Mean mm

0.16

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 1.56 1.14 1.56 1.14

5/16" -3.00 8.00 0.00 0.00 1.56 1.14

3.5 -2.50 5.66 0.00 0.00 1.56 1.14

4 -2.25 4.76 0.00 0.00 1.56 1.14

5 -2.00 4.00 0.15 0.11 1.71 1.25

7 -1.50 2.83 0.19 0.14 1.90 1.39

10 -1.00 2.00 0.28 0.21 2.18 1.60

14 -0.50 1.41 0.24 0.18 2.42 1.78

18 0.00 1.00 0.20 0.15 2.62 1.93

25 0.50 0.71 0.28 0.21 2.90 2.14

35 1.00 0.50 0.40 0.29 3.30 2.43

45 1.50 0.35 0.58 0.42 3.88 2.85

60 2.00 0.25 1.13 0.83 5.01 3.68

80 2.50 0.18 8.50 6.22 13.51 9.90

120 3.00 0.13 76.82 56.25 90.33 66.15

170 3.50 0.09 39.40 28.85 129.73 95.00

200 3.75 0.07 3.54 2.59 133.27 97.59

230 4.00 0.06 0.72 0.53 133.99 98.12

Wet - 5Y-4/2
Dry - 5Y-6/1SW

52,149 North Carolina State Plane

Granularmetric Report

2,179,376

Sorting

0.88

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-5.51

Kurtosis

38.75

-12.5 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.76

Phi 5

3.50

Phi 16

3.31

Phi 25

3.15

Phi 50

2.86

Phi 75

2.63

Phi 84

2.55

136.56 0.16

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 011 -12.5 ft

Analysis Date:  06-17-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 2.41
#230 - 1.88

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

134.15

Phi 95

2.11

Mean mm

0.15

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.24 0.16 0.24 0.16

4 -2.25 4.76 0.16 0.11 0.40 0.27

5 -2.00 4.00 0.27 0.18 0.67 0.45

7 -1.50 2.83 1.16 0.78 1.83 1.23

10 -1.00 2.00 2.56 1.72 4.39 2.95

14 -0.50 1.41 3.53 2.37 7.92 5.32

18 0.00 1.00 4.87 3.27 12.79 8.59

25 0.50 0.71 15.63 10.50 28.42 19.09

35 1.00 0.50 47.16 31.68 75.58 50.77

45 1.50 0.35 38.95 26.16 114.53 76.93

60 2.00 0.25 18.80 12.63 133.33 89.56

80 2.50 0.18 4.02 2.70 137.35 92.26

120 3.00 0.13 4.38 2.94 141.73 95.20

170 3.50 0.09 3.81 2.56 145.54 97.76

200 3.75 0.07 0.63 0.42 146.17 98.18

230 4.00 0.06 0.16 0.11 146.33 98.29

Wet - 5Y-4/2
Dry - 5Y-6/1SW

51,924 North Carolina State Plane

Granularmetric Report

2,179,421

Sorting

0.9

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.17

Kurtosis

5.01

-16.3 NAVD 88

Northing (ft):

Munsell:

0.05

Mean Phi

1

Phi 5

2.97

Phi 16

1.78

Phi 25

1.46

Phi 50

0.99

Phi 75

0.59

Phi 84

0.35

148.88 0.07

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 012 -16.25 ft

Analysis Date:  06-18-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.82
#230 - 1.71

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

146.47

Phi 95

-0.57

Mean mm

0.50

Moment

Statistics

Fines (%):

1

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.04 0.03 0.04 0.03

4 -2.25 4.76 0.15 0.10 0.19 0.13

5 -2.00 4.00 0.12 0.08 0.31 0.21

7 -1.50 2.83 0.28 0.19 0.59 0.40

10 -1.00 2.00 0.77 0.51 1.36 0.91

14 -0.50 1.41 0.87 0.58 2.23 1.49

18 0.00 1.00 0.75 0.50 2.98 1.99

25 0.50 0.71 1.69 1.12 4.67 3.11

35 1.00 0.50 6.63 4.41 11.30 7.52

45 1.50 0.35 15.29 10.17 26.59 17.69

60 2.00 0.25 24.96 16.60 51.55 34.29

80 2.50 0.18 23.66 15.74 75.21 50.03

120 3.00 0.13 36.99 24.60 112.20 74.63

170 3.50 0.09 27.74 18.45 139.94 93.08

200 3.75 0.07 5.07 3.37 145.01 96.45

230 4.00 0.06 1.53 1.02 146.54 97.47

Wet - 5Y-4/1
Dry - 5Y-6/1SW

51,631 North Carolina State Plane

Granularmetric Report

2,179,464

Sorting

0.93

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.11

Kurtosis

5.28

-20.0 NAVD 88

Northing (ft):

Munsell:

0.01

Mean Phi

2.28

Phi 5

3.64

Phi 16

3.25

Phi 25

3.01

Phi 50

2.50

Phi 75

1.72

Phi 84

1.42

150.34 0.30

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 013 -20 ft

Analysis Date:  06-18-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 3.55
#230 - 2.53

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

146.85

Phi 95

0.71

Mean mm

0.21

Moment

Statistics

Fines (%):

0

Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.04 0.04 0.04 0.04

5 -2.00 4.00 0.04 0.04 0.08 0.08

7 -1.50 2.83 0.06 0.06 0.14 0.14

10 -1.00 2.00 0.05 0.05 0.19 0.19

14 -0.50 1.41 0.02 0.02 0.21 0.21

18 0.00 1.00 0.08 0.08 0.29 0.29

25 0.50 0.71 0.19 0.19 0.48 0.48

35 1.00 0.50 0.47 0.47 0.95 0.95

45 1.50 0.35 0.46 0.46 1.41 1.41

60 2.00 0.25 6.72 6.72 8.13 8.13

80 2.50 0.18 23.67 23.67 31.80 31.80

120 3.00 0.13 23.66 23.66 55.46 55.46

170 3.50 0.09 21.32 21.32 76.78 76.78

200 3.75 0.07 21.30 21.30 98.08 98.08

230 4.00 0.06 0.97 0.97 99.05 99.05

SP

53,511 North Carolina State Plane

Granularmetric Report

2,181,062

Sorting

0.67

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.12

Kurtosis

7.59

7.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.84

Phi 5

3.71

Phi 16

3.58

Phi 25

3.46

Phi 50

2.88

Phi 75

2.36

Phi 84

2.17

100.00 0.95

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #001

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.92
#230 - 0.95

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.77

Mean mm

0.14

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

4

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.01 0.01 0.01 0.01

10 -1.00 2.00 0.00 0.00 0.01 0.01

14 -0.50 1.41 0.00 0.00 0.01 0.01

18 0.00 1.00 0.01 0.01 0.02 0.02

25 0.50 0.71 0.02 0.02 0.04 0.04

35 1.00 0.50 0.14 0.14 0.18 0.18

45 1.50 0.35 0.14 0.14 0.32 0.32

60 2.00 0.25 12.34 12.34 12.66 12.66

80 2.50 0.18 32.59 32.59 45.25 45.25

120 3.00 0.13 32.59 32.59 77.84 77.84

170 3.50 0.09 10.69 10.69 88.53 88.53

200 3.75 0.07 10.69 10.69 99.22 99.22

230 4.00 0.06 0.39 0.39 99.61 99.61

SP

53,496 North Carolina State Plane

Granularmetric Report

2,181,064

Sorting

0.56

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.18

Kurtosis

2.93

5.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.61

Phi 5

3.65

Phi 16

3.29

Phi 25

2.96

Phi 50

2.57

Phi 75

2.19

Phi 84

2.05

100.00 0.39

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #002

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.78
#230 - 0.39

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.69

Mean mm

0.16

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

1

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.00 0.00 0.00 0.00

18 0.00 1.00 0.00 0.00 0.00 0.00

25 0.50 0.71 0.00 0.00 0.00 0.00

35 1.00 0.50 0.01 0.01 0.01 0.01

45 1.50 0.35 0.01 0.01 0.02 0.02

60 2.00 0.25 5.97 5.97 5.99 5.99

80 2.50 0.18 39.91 39.91 45.90 45.90

120 3.00 0.13 39.90 39.90 85.80 85.80

170 3.50 0.09 6.99 6.99 92.79 92.79

200 3.75 0.07 6.99 6.99 99.78 99.78

230 4.00 0.06 0.11 0.11 99.89 99.89

SP

53,428 North Carolina State Plane

Granularmetric Report

2,181,075

Sorting

0.45

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.55

Kurtosis

3.14

3.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.59

Phi 5

3.58

Phi 16

2.98

Phi 25

2.86

Phi 50

2.55

Phi 75

2.24

Phi 84

2.13

100.00 0.11

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #003

Analysis Date:  07-14-03

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.22
#230 - 0.11

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.92

Mean mm

0.17

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

1

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.00 0.00 0.00 0.00

18 0.00 1.00 0.00 0.00 0.00 0.00

25 0.50 0.71 0.01 0.01 0.01 0.01

35 1.00 0.50 2.35 2.35 2.36 2.36

45 1.50 0.35 2.35 2.35 4.71 4.71

60 2.00 0.25 34.93 34.93 39.64 39.64

80 2.50 0.18 24.75 24.75 64.39 64.39

120 3.00 0.13 24.75 24.75 89.14 89.14

170 3.50 0.09 5.06 5.06 94.20 94.20

200 3.75 0.07 5.05 5.05 99.25 99.25

230 4.00 0.06 0.38 0.38 99.63 99.63

SP

53,407 North Carolina State Plane

Granularmetric Report

2,181,078

Sorting

0.62

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.27

Kurtosis

2.97

1.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.27

Phi 5

3.54

Phi 16

2.90

Phi 25

2.71

Phi 50

2.21

Phi 75

1.79

Phi 84

1.66

100.00 0.37

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #004

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.75
#230 - 0.37

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.50

Mean mm

0.21

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

1

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.17 0.17 0.17 0.17

5 -2.00 4.00 0.00 0.00 0.17 0.17

7 -1.50 2.83 0.00 0.00 0.17 0.17

10 -1.00 2.00 0.00 0.00 0.17 0.17

14 -0.50 1.41 0.03 0.03 0.20 0.20

18 0.00 1.00 0.06 0.06 0.26 0.26

25 0.50 0.71 0.24 0.24 0.50 0.50

35 1.00 0.50 8.54 8.54 9.04 9.04

45 1.50 0.35 8.54 8.54 17.58 17.58

60 2.00 0.25 30.97 30.97 48.55 48.55

80 2.50 0.18 19.42 19.42 67.97 67.97

120 3.00 0.13 19.42 19.42 87.39 87.39

170 3.50 0.09 5.74 5.74 93.13 93.13

200 3.75 0.07 5.73 5.73 98.86 98.86

230 4.00 0.06 0.57 0.57 99.43 99.43

SP

53,369 North Carolina State Plane

Granularmetric Report

2,181,084

Sorting

0.79

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.2

Kurtosis

4.14

-1.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.11

Phi 5

3.58

Phi 16

2.91

Phi 25

2.68

Phi 50

2.04

Phi 75

1.62

Phi 84

1.41

100.00 0.57

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #005

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.14
#230 - 0.57

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.76

Mean mm

0.23

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

1

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.88 0.88 0.88 0.88

4 -2.25 4.76 0.20 0.20 1.08 1.08

5 -2.00 4.00 0.00 0.00 1.08 1.08

7 -1.50 2.83 0.04 0.04 1.12 1.12

10 -1.00 2.00 0.03 0.03 1.15 1.15

14 -0.50 1.41 0.01 0.01 1.16 1.16

18 0.00 1.00 0.06 0.06 1.22 1.22

25 0.50 0.71 0.30 0.30 1.52 1.52

35 1.00 0.50 3.58 3.58 5.10 5.10

45 1.50 0.35 3.58 3.58 8.68 8.68

60 2.00 0.25 26.74 26.74 35.42 35.42

80 2.50 0.18 23.67 23.67 59.09 59.09

120 3.00 0.13 23.67 23.67 82.76 82.76

170 3.50 0.09 8.05 8.05 90.81 90.81

200 3.75 0.07 8.04 8.04 98.85 98.85

230 4.00 0.06 0.58 0.58 99.43 99.43

SW

53,315 North Carolina State Plane

Granularmetric Report

2,181,092

Sorting

0.88

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.88

Kurtosis

12.23

-3.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.28

Phi 5

3.63

Phi 16

3.08

Phi 25

2.84

Phi 50

2.31

Phi 75

1.81

Phi 84

1.64

100.00 0.57

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #006

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.15
#230 - 0.57

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.99

Mean mm

0.21

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

8

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 5.43 5.43 5.43 5.43

5/16" -3.00 8.00 0.00 0.00 5.43 5.43

3.5 -2.50 5.66 0.00 0.00 5.43 5.43

4 -2.25 4.76 0.00 0.00 5.43 5.43

5 -2.00 4.00 0.00 0.00 5.43 5.43

7 -1.50 2.83 0.04 0.04 5.47 5.47

10 -1.00 2.00 0.04 0.04 5.51 5.51

14 -0.50 1.41 0.04 0.04 5.55 5.55

18 0.00 1.00 0.10 0.10 5.65 5.65

25 0.50 0.71 0.31 0.31 5.96 5.96

35 1.00 0.50 6.02 6.02 11.98 11.98

45 1.50 0.35 6.01 6.01 17.99 17.99

60 2.00 0.25 42.95 42.95 60.94 60.94

80 2.50 0.18 16.72 16.72 77.66 77.66

120 3.00 0.13 16.72 16.72 94.38 94.38

170 3.50 0.09 2.32 2.32 96.70 96.70

200 3.75 0.07 2.32 2.32 99.02 99.02

230 4.00 0.06 0.49 0.49 99.51 99.51

SW

53,282 North Carolina State Plane

Granularmetric Report

2,181,097

Sorting

1.45

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.72

Kurtosis

10.94

-5.0 NAVD 88

Northing (ft):

Munsell:

0.01

Mean Phi

1.69

Phi 5

3.13

Phi 16

2.69

Phi 25

2.42

Phi 50

1.87

Phi 75

1.58

Phi 84

1.33

100.00 0.48

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #007

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.98
#230 - 0.49

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

-2.18

Mean mm

0.31

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

14

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.45 0.45 0.45 0.45

5 -2.00 4.00 0.00 0.00 0.45 0.45

7 -1.50 2.83 0.15 0.15 0.60 0.60

10 -1.00 2.00 0.15 0.15 0.75 0.75

14 -0.50 1.41 0.28 0.28 1.03 1.03

18 0.00 1.00 0.43 0.43 1.46 1.46

25 0.50 0.71 0.61 0.61 2.07 2.07

35 1.00 0.50 5.67 5.67 7.74 7.74

45 1.50 0.35 4.66 4.66 12.40 12.40

60 2.00 0.25 31.29 31.29 43.69 43.69

80 2.50 0.18 21.72 21.72 65.41 65.41

120 3.00 0.13 21.71 21.71 87.12 87.12

170 3.50 0.09 5.93 5.93 93.05 93.05

200 3.75 0.07 5.92 5.92 98.97 98.97

230 4.00 0.06 0.52 0.52 99.49 99.49

SP

53,089 North Carolina State Plane

Granularmetric Report

2,181,127

Sorting

0.84

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.05

Kurtosis

7.28

-7.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.16

Phi 5

3.58

Phi 16

2.93

Phi 25

2.72

Phi 50

2.15

Phi 75

1.70

Phi 84

1.56

100.00 0.51

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #008

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.03
#230 - 0.51

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.76

Mean mm

0.22

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

5

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.01 0.01 0.01 0.01

10 -1.00 2.00 0.00 0.00 0.01 0.01

14 -0.50 1.41 0.05 0.05 0.06 0.06

18 0.00 1.00 0.07 0.07 0.13 0.13

25 0.50 0.71 0.17 0.17 0.30 0.30

35 1.00 0.50 2.24 2.24 2.54 2.54

45 1.50 0.35 2.24 2.24 4.78 4.78

60 2.00 0.25 14.74 14.74 19.52 19.52

80 2.50 0.18 25.62 25.62 45.14 45.14

120 3.00 0.13 25.62 25.62 70.76 70.76

170 3.50 0.09 14.22 14.22 84.98 84.98

200 3.75 0.07 14.22 14.22 99.20 99.20

230 4.00 0.06 0.40 0.40 99.60 99.60

SP

53,027 North Carolina State Plane

Granularmetric Report

2,181,137

Sorting

0.71

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.4

Kurtosis

3.19

-9.0 NAVD 88

Northing (ft):

Munsell:

0.01

Mean Phi

2.59

Phi 5

3.68

Phi 16

3.47

Phi 25

3.15

Phi 50

2.59

Phi 75

2.11

Phi 84

1.88

100.00 0.39

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #009

Analysis Date:  07-15-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.80
#230 - 0.40

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.51

Mean mm

0.17

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

1

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.04 0.04 0.04 0.04

14 -0.50 1.41 0.04 0.04 0.08 0.08

18 0.00 1.00 0.07 0.07 0.15 0.15

25 0.50 0.71 0.12 0.12 0.27 0.27

35 1.00 0.50 0.26 0.26 0.53 0.53

45 1.50 0.35 1.68 1.68 2.21 2.21

60 2.00 0.25 11.65 11.65 13.86 13.86

80 2.50 0.18 23.44 23.44 37.30 37.30

120 3.00 0.13 23.43 23.43 60.73 60.73

170 3.50 0.09 19.10 19.10 79.83 79.83

200 3.75 0.07 19.10 19.10 98.93 98.93

230 4.00 0.06 0.54 0.54 99.47 99.47

SP

52,951 North Carolina State Plane

Granularmetric Report

2,181,149

Sorting

0.67

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.46

Kurtosis

3.23

-11.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.75

Phi 5

3.70

Phi 16

3.55

Phi 25

3.37

Phi 50

2.77

Phi 75

2.24

Phi 84

2.05

100.00 0.53

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #010

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.07
#230 - 0.53

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.62

Mean mm

0.15

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

1

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.08 0.08 0.08 0.08

5 -2.00 4.00 0.00 0.00 0.08 0.08

7 -1.50 2.83 0.06 0.06 0.14 0.14

10 -1.00 2.00 0.06 0.06 0.20 0.20

14 -0.50 1.41 0.09 0.09 0.29 0.29

18 0.00 1.00 0.12 0.12 0.41 0.41

25 0.50 0.71 0.22 0.22 0.63 0.63

35 1.00 0.50 0.95 0.95 1.58 1.58

45 1.50 0.35 0.95 0.95 2.53 2.53

60 2.00 0.25 3.83 3.83 6.36 6.36

80 2.50 0.18 18.54 18.54 24.90 24.90

120 3.00 0.13 18.54 18.54 43.44 43.44

170 3.50 0.09 27.55 27.55 70.99 70.99

200 3.75 0.07 27.55 27.55 98.54 98.54

230 4.00 0.06 0.73 0.73 99.27 99.27

SP

52,603 North Carolina State Plane

Granularmetric Report

2,181,202

Sorting

0.69

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.67

Kurtosis

9.11

-13.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.95

Phi 5

3.72

Phi 16

3.62

Phi 25

3.54

Phi 50

3.12

Phi 75

2.50

Phi 84

2.26

100.00 0.73

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #011

Analysis Date:  08-05-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.46
#230 - 0.73

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.82

Mean mm

0.13

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.04 0.04 0.04 0.04

5 -2.00 4.00 0.00 0.00 0.04 0.04

7 -1.50 2.83 0.06 0.06 0.10 0.10

10 -1.00 2.00 0.06 0.06 0.16 0.16

14 -0.50 1.41 0.17 0.17 0.33 0.33

18 0.00 1.00 0.22 0.22 0.55 0.55

25 0.50 0.71 0.40 0.40 0.95 0.95

35 1.00 0.50 0.92 0.92 1.87 1.87

45 1.50 0.35 0.92 0.92 2.79 2.79

60 2.00 0.25 2.91 2.91 5.70 5.70

80 2.50 0.18 15.43 15.43 21.13 21.13

120 3.00 0.13 15.42 15.42 36.55 36.55

170 3.50 0.09 30.80 30.80 67.35 67.35

200 3.75 0.07 30.80 30.80 98.15 98.15

230 4.00 0.06 0.93 0.93 99.08 99.08

SP

52,475 North Carolina State Plane

Granularmetric Report

2,181,222

Sorting

0.69

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.94

Kurtosis

9.55

-15.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

3.02

Phi 5

3.72

Phi 16

3.64

Phi 25

3.56

Phi 50

3.22

Phi 75

2.63

Phi 84

2.33

100.00 0.92

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #012

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.85
#230 - 0.92

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.88

Mean mm

0.12

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

1

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.02 0.02 0.02 0.02

10 -1.00 2.00 0.01 0.01 0.03 0.03

14 -0.50 1.41 0.02 0.02 0.05 0.05

18 0.00 1.00 0.03 0.03 0.08 0.08

25 0.50 0.71 0.06 0.06 0.14 0.14

35 1.00 0.50 0.21 0.21 0.35 0.35

45 1.50 0.35 0.20 0.20 0.55 0.55

60 2.00 0.25 1.05 1.05 1.60 1.60

80 2.50 0.18 13.51 13.51 15.11 15.11

120 3.00 0.13 13.51 13.51 28.62 28.62

170 3.50 0.09 33.84 33.84 62.46 62.46

200 3.75 0.07 33.84 33.84 96.30 96.30

230 4.00 0.06 1.85 1.85 98.15 98.15

SP

52,332 North Carolina State Plane

Granularmetric Report

2,181,244

Sorting

0.53

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.41

Kurtosis

6.77

-17.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

3.15

Phi 5

3.74

Phi 16

3.66

Phi 25

3.59

Phi 50

3.32

Phi 75

2.87

Phi 84

2.53

100.00 1.85

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #013

Analysis Date:  08-05-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 3.70
#230 - 1.85

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

2.13

Mean mm

0.11

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102

G
R

A
N

U
LA

R
M

E
T

R
IC

 R
E

P
O

R
T

  O
IB

_N
A

T
IV

E
S

S
_A

P
R

IL
20

13
_N

A
V

D
.G

P
J 

 J
P

B
R

A
Z

IL
.G

D
T

  3
/1

8
/1

4



3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.05 0.05 0.05 0.05

5 -2.00 4.00 0.00 0.00 0.05 0.05

7 -1.50 2.83 0.03 0.03 0.08 0.08

10 -1.00 2.00 0.02 0.02 0.10 0.10

14 -0.50 1.41 0.06 0.06 0.16 0.16

18 0.00 1.00 0.07 0.07 0.23 0.23

25 0.50 0.71 0.16 0.16 0.39 0.39

35 1.00 0.50 0.53 0.53 0.92 0.92

45 1.50 0.35 0.52 0.52 1.44 1.44

60 2.00 0.25 2.16 2.16 3.60 3.60

80 2.50 0.18 8.88 8.88 12.48 12.48

120 3.00 0.13 8.88 8.88 21.36 21.36

170 3.50 0.09 36.25 36.25 57.61 57.61

200 3.75 0.07 36.25 36.25 93.86 93.86

230 4.00 0.06 3.07 3.07 96.93 96.93

52,201 North Carolina State Plane

Granularmetric Report

2,181,265

Sorting

0.59

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.43

Kurtosis

13.58

-19.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

3.2

Phi 5

3.84

Phi 16

3.68

Phi 25

3.62

Phi 50

3.40

Phi 75

3.05

Phi 84

2.70

100.00 3.07

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #014

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 6.14
#230 - 3.07

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

2.08

Mean mm

0.11

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

2

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.08 0.08 0.08 0.08

5 -2.00 4.00 0.00 0.00 0.08 0.08

7 -1.50 2.83 0.17 0.17 0.25 0.25

10 -1.00 2.00 0.16 0.16 0.41 0.41

14 -0.50 1.41 0.29 0.29 0.70 0.70

18 0.00 1.00 0.23 0.23 0.93 0.93

25 0.50 0.71 0.39 0.39 1.32 1.32

35 1.00 0.50 1.61 1.61 2.93 2.93

45 1.50 0.35 1.61 1.61 4.54 4.54

60 2.00 0.25 6.06 6.06 10.60 10.60

80 2.50 0.18 13.19 13.19 23.79 23.79

120 3.00 0.13 13.19 13.19 36.98 36.98

170 3.50 0.09 28.26 28.26 65.24 65.24

200 3.75 0.07 28.26 28.26 93.50 93.50

230 4.00 0.06 3.25 3.25 96.75 96.75

52,037 North Carolina State Plane

Granularmetric Report

2,181,290

Sorting

0.82

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.91

Kurtosis

8.71

-21.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.95

Phi 5

3.87

Phi 16

3.67

Phi 25

3.59

Phi 50

3.23

Phi 75

2.55

Phi 84

2.20

100.00 3.25

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  USACE OIB040 #015

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 6.50
#230 - 3.25

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.54

Mean mm

0.13

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

2

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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APPENDIX 3 
CPE-NC INDIVIDUAL BEACH GRAIN SIZE DISTRIBUTION CURVES/HISTOGRAMS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



0

10

20

30

40

50

60

70

80

90

100

0.00150.0150.1515105100

-3

5/16

-1.5

7

P
er

ce
nt

 C
oa

rs
er

 B
y 

W
ei

gh
t

10

20

30

40

50

60

70

80

90

100

0

SP 2.13

Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 0.11
#230 - 0.10 0.15 3.43 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.12 0.39 Ocean Isle Beach Terminal Groin

04-11-13

ATP

2,184,977

54,878

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters

-1

10

-0.5

14

0

18

0.5

25

1
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1.5
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80
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120
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Depths and elevations based on measured values

3.5   

170   

   4

   230
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4

  -4

5/8

2

60

-4.25  

3/4

OIB000 001 DUNE

Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort

9.3

Elev. (ft)Symbol
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Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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SP 1.76

Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 0.15
#230 - 0.14 -0.07 3.44 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.75 0.5 Ocean Isle Beach Terminal Groin

04-11-13

ATP

2,184,983

54,868

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Depths and elevations based on measured values
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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SP 1.28

Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 0.08
#230 - 0.08 0.19 2.91 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.32 0.66 Ocean Isle Beach Terminal Groin

04-11-13

ATP

2,184,984

54,833

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters

-1

10

-0.5

14

0

18

0.5
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1.5
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Depths and elevations based on measured values

3.5   

170   
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  -4
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2
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-4.25  

3/4

OIB000 003MIDBERM

Comments:  Average wet Munsell Value is 6. Average dry Munsell Value is 7.

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort

6.6
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Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 0.15
#230 - 0.14 0.11 4.08 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.5 0.55 Ocean Isle Beach Terminal Groin

04-11-13

ATP

2,184,987

54,793

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:  Average wet Munsell Value is 6. Average dry Munsell Value is 7.

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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y W

eight

#200 - 1.30
#230 - 1.30 -0.7 4.64 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.04 0.5 Ocean Isle Beach Terminal Groin

02-04-14

TM

2,184,989

54,767

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort

1.3

Elev. (ft)Symbol

S
IE

V
E

 A
N

A
LY

S
IS

  O
IB

_N
A

T
IV

E
S

S
_A

P
R

IL
20

13
_N

A
V

D
.G

P
J 

 J
P

B
R

A
Z

IL
.G

D
T

  3
/1

8
/1

4

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102



0

10

20

30

40

50

60

70

80

90

100

0.00150.0150.1515105100

-3

5/16

-1.5

7

P
er

ce
nt

 C
oa

rs
er

 B
y 

W
ei

gh
t

10

20

30

40

50

60

70

80

90

100

0

SP 2.09

Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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y W

eight

#200 - 1.01
#230 - 1.00 -0.28 2.69 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.04 0.62 Ocean Isle Beach Terminal Groin

04-10-13

ATP

2,184,995

54,729

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 0.94
#230 - 0.94 -0.64 5.4 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.31 0.86 Ocean Isle Beach Terminal Groin

04-12-13

ATP

2,185,017

54,549

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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#200 - 0.96
#230 - 0.93 -1.71 6.82 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.92 1.07 Ocean Isle Beach Terminal Groin

04-12-13

ATP

2,185,027

54,507

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 1.10
#230 - 1.08 -1.45 7.49 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.17 0.66 Ocean Isle Beach Terminal Groin

03-17-14

TM

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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OIB000 009 BARCRST

Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
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#200 - 1.76
#230 - 1.51 -1.5 6.51 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.46 0.69 Ocean Isle Beach Terminal Groin

06-14-13

ATP

2,184,983

54,082

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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#200 - 2.62
#230 - 2.20 -2.2 15.12 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.79 0.46 Ocean Isle Beach Terminal Groin

06-14-13

ATP

2,185,004

53,858

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay
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Coarse Fine Coarse Medium Fine
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#200 - 3.34
#230 - 3.09 -1.61 11.57 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.86 0.43 Ocean Isle Beach Terminal Groin

06-14-13

ATP

2,185,049

53,253

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
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#200 - 3.87
#230 - 3.08 -3.99 21.08 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.56 1.14 Ocean Isle Beach Terminal Groin

06-14-13

ATP

2,185,111

52,713

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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OIB000 013 (-20 ft)

Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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Coarse Fine Coarse Medium Fine
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#200 - 0.36
#230 - 0.28 0.05 2.85 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.21 0.49 Ocean Isle Beach Terminal Groin

04-10-13

ATP

2,183,878

54,341

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Sample Sample Information
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Coarse Fine Coarse Medium Fine
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#200 - 0.35
#230 - 0.35 0.09 4.03 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.69 0.43 Ocean Isle Beach Terminal Groin

04-10-13

ATP

2,183,863

54,318

NAD 1983

NAVD 88
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 0.23
#230 - 0.23 -0.01 3.76 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.64 0.4 Ocean Isle Beach Terminal Groin

04-10-13

ATP

2,183,805

54,281

NAD 1983

NAVD 88

PHI Sieve Sizes
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USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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y W

eight

#200 - 0.23
#230 - 0.23 -0.27 4.17 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.57 0.47 Ocean Isle Beach Terminal Groin

04-10-13

ATP

2,183,810

54,274

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 0.45
#230 - 0.45 -0.13 3.63 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.85 0.45 Ocean Isle Beach Terminal Groin

04-10-13

ATP

2,183,810

54,257

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 0.90
#230 - 0.90 -0.19 2.89 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.83 0.56 Ocean Isle Beach Terminal Groin

04-10-13

ATP

2,183,812

54,241

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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eight

#200 - 1.12
#230 - 1.12 0.37 3.31 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.15 0.71 Ocean Isle Beach Terminal Groin

04-12-13

ATP

2,183,837

54,097

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 1.06
#230 - 1.03 -2.24 14.06 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.37 0.58 Ocean Isle Beach Terminal Groin

04-12-13

ATP

2,183,841

54,044

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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y W

eight

#200 - 1.17
#230 - 1.17 -0.74 4.47 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.18 0.54 Ocean Isle Beach Terminal Groin

02-04-14

TM

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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y W
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#200 - 1.71
#230 - 1.52 -1.52 6.97 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.28 0.77 Ocean Isle Beach Terminal Groin

06-14-13

ATP

2,183,895

53,791

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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Coarse Fine Coarse Medium Fine
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#200 - 3.80
#230 - 2.66 -2.4 18.93 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.96 0.45 Ocean Isle Beach Terminal Groin

06-14-13

ATP

2,183,919

53,540

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay
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Coarse Fine Coarse Medium Fine
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#200 - 4.15
#230 - 4.03 -3.01 17.19 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.77 0.74 Ocean Isle Beach Terminal Groin

06-14-13

ATP

2,183,968

53,188

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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Coarse Fine Coarse Medium Fine
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#200 - 9.17
#230 - 7.33 -4.17 29.95 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.83 0.77 Ocean Isle Beach Terminal Groin

06-14-13

ATP

2,183,667

52,664

NAD 1983

NAVD 88

PHI Sieve Sizes
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Comments:
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Sample Sample Information
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#200 - 2.17
#230 - 2.17 0.12 3.4 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.87 0.44 Ocean Isle Beach Terminal Groin

04-12-13

ATP

2,182,428

53,833

NAD 1983

NAVD 88
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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y W

eight

#200 - 0.18
#230 - 0.18 0.1 3.67 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.68 0.45 Ocean Isle Beach Terminal Groin

04-12-13

ATP

2,182,434

53,827

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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y W

eight

#200 - 0.31
#230 - 0.31 -0.74 5.92 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.67 0.62 Ocean Isle Beach Terminal Groin

04-12-13

ATP

2,182,436

53,817

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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y W

eight

#200 - 0.37
#230 - 0.37 0 3.8 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.72 0.46 Ocean Isle Beach Terminal Groin

04-12-13

ATP

2,182,437

53,798

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
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Sand

Coarse Fine Coarse Medium Fine

P
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#200 - 1.19
#230 - 1.19 -0.09 3.21 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.02 0.45 Ocean Isle Beach Terminal Groin

02-04-14

TM

2,182,434

53,827

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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eight

#200 - 0.99
#230 - 0.99 -0.45 3.56 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.84 0.67 Ocean Isle Beach Terminal Groin

04-15-13

ATP

2,182,445

53,759

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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OIB025 006 MTL

Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 0.97
#230 - 0.97 -1.22 4.71 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

0.54 1.39 Ocean Isle Beach Terminal Groin

04-15-13

ATP

2,182,460

53,620

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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OIB025 007 MLW

Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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Silt and Clay

Sand

Coarse Fine Coarse Medium Fine
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#200 - 1.60
#230 - 1.57 -3.17 16.05 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.15 0.91 Ocean Isle Beach Terminal Groin

04-15-13

ATP

2,182,467

53,590

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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OIB025 008TROUGH

Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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#200 - 1.13
#230 - 1.13 -0.89 4.71 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.39 0.91 Ocean Isle Beach Terminal Groin

03-17-14

TM

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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OIB025 009BarCrest

Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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#200 - 2.13
#230 - 1.74 -2.92 14.76 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.48 0.96 Ocean Isle Beach Terminal Groin

06-14-13

ATP

2,182,420

53,308

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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OIB025 010 (-8.75 ft)

Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine
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#200 - 3.32
#230 - 2.18 -2.89 23.47 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.94 0.48 Ocean Isle Beach Terminal Groin

06-14-13

ATP

2,182,471

53,111

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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#200 - 5.76
#230 - 4.93 -2.85 16.01 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.81 0.74 Ocean Isle Beach Terminal Groin

06-14-13

ATP

2,182,508

52,882

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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#200 - 9.93
#230 - 7.06 -2.46 10.81 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.56 1.15 Ocean Isle Beach Terminal Groin

06-17-13
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2,182,578

52,461

NAD 1983
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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#200 - 0.19
#230 - 0.18 -0.01 3.3 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.91 0.47 Ocean Isle Beach Terminal Groin

03-17-14

TM

NAD 1983

NAVD 88
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Sample Sample Information

Gravel
Silt and Clay
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Coarse Fine Coarse Medium Fine

P
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#200 - 0.24
#230 - 0.23 -0.37 3.82 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.3 0.43 Ocean Isle Beach Terminal Groin

04-12-13

ATP

2,179,202

52,836

NAD 1983

NAVD 88
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Sample Sample Information

Gravel
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Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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y W

eight

#200 - 0.29
#230 - 0.26 -0.41 2.98 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.69 0.68 Ocean Isle Beach Terminal Groin

04-15-13

ATP

2,179,206

52,825

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
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Sample Sample Information

Gravel
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Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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#200 - 0.31
#230 - 0.29 0.25 3.58 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.81 0.49 Ocean Isle Beach Terminal Groin

04-15-13

ATP

2,179,212

52,796

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Sample Sample Information

Gravel
Silt and Clay
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Coarse Fine Coarse Medium Fine

P
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#200 - 0.52
#230 - 0.52 0.08 3.67 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.01 0.37 Ocean Isle Beach Terminal Groin

04-15-13

ATP

2,179,228

52,745
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NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 1.19
#230 - 1.18 -1.34 7.48 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.7 0.74 Ocean Isle Beach Terminal Groin

02-04-14

TM

2,179,244

52,732

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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Coarse Fine Coarse Medium Fine
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#200 - 1.02
#230 - 1.01 -1.33 7.5 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.06 0.63 Ocean Isle Beach Terminal Groin

04-16-13

ATP

2,179,248

52,691
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PHI Sieve Sizes

Standard Sieve Sizes
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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Coarse Fine Coarse Medium Fine
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#200 - 0.93
#230 - 0.93 -0.98 4.42 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

0.99 1.15 Ocean Isle Beach Terminal Groin

04-16-13

ATP

2,179,287

52,524
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NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters

-1

10

-0.5

14

0

18

0.5

25

1

35

1.5

45

2.5

80

3

120

3.75

200

Depths and elevations based on measured values

3.5   

170   

   4

   230

  -2

5

-2.25  

4

  -4

5/8

2

60

-4.25  

3/4

OIB060 007 MLW

Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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Coarse Fine Coarse Medium Fine
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#200 - 1.06
#230 - 1.05 -1.94 14.13 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.17 0.56 Ocean Isle Beach Terminal Groin

04-16-13

ATP

2,179,299

52,478
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NAVD 88

PHI Sieve Sizes
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USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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Sand

Coarse Fine Coarse Medium Fine
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#200 - 1.29
#230 - 1.28 -1.17 7.55 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.5 0.82 Ocean Isle Beach Terminal Groin

02-04-14

TM

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Sample Sample Information
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#200 - 2.00
#230 - 1.69 -2.93 16.55 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.66 0.64 Ocean Isle Beach Terminal Groin

06-17-13

ATP

2,179,361

52,216

NAD 1983

NAVD 88
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Sample Sample Information
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#200 - 2.41
#230 - 1.88 -5.51 38.75 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.76 0.88 Ocean Isle Beach Terminal Groin

06-17-13
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52,149

NAD 1983
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Sample Sample Information
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#200 - 1.82
#230 - 1.71 -0.17 5.01 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1 0.9 Ocean Isle Beach Terminal Groin

06-18-13

ATP

2,179,421

51,924

NAD 1983

NAVD 88

PHI Sieve Sizes
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
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y W
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#200 - 3.55
#230 - 2.53 -1.11 5.28 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.28 0.93 Ocean Isle Beach Terminal Groin

06-18-13

ATP

2,179,464

51,631

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
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Sample Sample Information
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Coarse Fine Coarse Medium Fine

P
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#200 - 1.92
#230 - 0.95 -1.12 7.59 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.84 0.67 Ocean Isle Beach Terminal Groin

07-14-13

ATP

2,181,062

53,511

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
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Sample Sample Information
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#200 - 0.78
#230 - 0.39 0.18 2.93 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.61 0.56 Ocean Isle Beach Terminal Groin

07-14-13

ATP

2,181,064

53,496

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
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Sample Sample Information
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Coarse Fine Coarse Medium Fine
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#200 - 0.22
#230 - 0.11 0.55 3.14 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.59 0.45 Ocean Isle Beach Terminal Groin

07-14-03

ATP

2,181,075

53,428

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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Silt and Clay
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Coarse Fine Coarse Medium Fine

P
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#200 - 0.75
#230 - 0.37 0.27 2.97 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.27 0.62 Ocean Isle Beach Terminal Groin

07-14-13

ATP

2,181,078

53,407

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:
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Sample Sample Information
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Coarse Fine Coarse Medium Fine
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#200 - 1.14
#230 - 0.57 -0.2 4.14 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.11 0.79 Ocean Isle Beach Terminal Groin

07-14-13

ATP

2,181,084

53,369

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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Coarse Fine Coarse Medium Fine
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#200 - 1.15
#230 - 0.57 -1.88 12.23 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.28 0.88 Ocean Isle Beach Terminal Groin

07-14-13

ATP

2,181,092

53,315

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer
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Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information
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#200 - 0.98
#230 - 0.49 -2.72 10.94 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.69 1.45 Ocean Isle Beach Terminal Groin

07-14-13
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2,181,097

53,282

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
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Comments:
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Sample Sample Information
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#200 - 1.03
#230 - 0.51 -1.05 7.28 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.16 0.84 Ocean Isle Beach Terminal Groin

07-14-13
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2,181,127

53,089
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NAVD 88

PHI Sieve Sizes
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Sample Sample Information
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#200 - 0.80
#230 - 0.40 -0.4 3.19 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.59 0.71 Ocean Isle Beach Terminal Groin
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2,181,137

53,027
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NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters

-1

10

-0.5

14

0

18

0.5

25

1

35

1.5

45

2.5

80

3

120

3.75

200

Depths and elevations based on measured values

3.5   

170   

   4

   230

  -2

5

-2.25  

4

  -4

5/8

2

60

-4.25  

3/4

USACE OIB040 #009

Comments:

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort

-9.0

Elev. (ft)Symbol

1

S
IE

V
E

 A
N

A
LY

S
IS

  O
IB

_N
A

T
IV

E
S

S
_A

P
R

IL
20

13
_N

A
V

D
.G

P
J 

 J
P

B
R

A
Z

IL
.G

D
T

  3
/1

8
/1

4

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102



0

10

20

30

40

50

60

70

80

90

100

0.00150.0150.1515105100

-3

5/16

-1.5

7

P
er

ce
nt

 C
oa

rs
er

 B
y 

W
ei

gh
t

10

20

30

40

50

60

70

80

90

100

0

SP 2.77

Sample Sample Information
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#200 - 1.07
#230 - 0.53 -0.46 3.23 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.75 0.67 Ocean Isle Beach Terminal Groin

07-14-13

ATP

2,181,149
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Sample Sample Information
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P
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#200 - 1.46
#230 - 0.73 -1.67 9.11 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.95 0.69 Ocean Isle Beach Terminal Groin

08-05-13

ATP

2,181,202

52,603

NAD 1983

NAVD 88

PHI Sieve Sizes
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine
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#200 - 1.85
#230 - 0.92 -1.94 9.55 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

3.02 0.69 Ocean Isle Beach Terminal Groin

07-14-13

ATP

2,181,222

52,475

NAD 1983

NAVD 88
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Sample Sample Information
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#200 - 3.70
#230 - 1.85 -1.41 6.77 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

3.15 0.53 Ocean Isle Beach Terminal Groin

08-05-13

ATP

2,181,244

52,332
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NAVD 88
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#230 - 3.07 -2.43 13.58 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:
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Sample Sample Information
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#200 - 6.50
#230 - 3.25 -1.91 8.71 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:
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APPENDIX 4 
BEACH COMPOSITE SUMMARY TABLES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

MEAN PHI PHI SILT WET MUNSELL DRY MUNSELL CARBONATE
(mm) MEAN SORTING (%) VALUE VALUE (%)

OIB000 COMPOSITE 0.24 2.05 0.86 1.23 5 7 5

OIB010 COMPOSITE 0.23 2.10 0.78 1.64 5 7 5

OIB025 COMPOSITE 0.26 1.94 1.05 1.93 5 7 7

OIB040 COMPOSITE 0.17 2.54 0.89 0.94 - - -

OIB060 COMPOSITE 0.26 1.92 0.91 1.12 5 7 -

DUNE COMPOSITE 0.23 2.13 0.46 0.69 6 8

TOE OF DUNE COMPOSITE 0.23 2.12 0.72 0.33 7 7

MID BERM COMPOSITE 0.26 1.96 0.79 0.23 6 7

BERM CREST COMPOSITE 0.24 2.03 0.72 0.22 6 7

MHW COMPOSITE 0.23 2.15 0.56 0.70 5 7

MTL COMPOSITE 0.26 1.95 0.67 0.78 5 7

MLW COMPOSITE 0.37 1.45 1.13 0.80 5 7

TROUGH COMPOSITE 0.25 2.02 1.03 0.88 5 7

BAR CREST COMPOSITE 0.27 1.88 0.84 1.03 5 6

-8.75 NAVD COMPOSITE 0.20 2.34 0.86 1.13 5 6

-12.5 NAVD COMPOSITE 0.14 2.86 0.60 1.75 4 6

-16.25 NAVD COMPOSITE 0.13 2.93 0.65 2.97 4 6

-20.0 NAVD COMPOSITE 0.14 2.83 0.92 4.30 4 6

TOTAL BEACH COMPOSITE 0.23 2.11 0.92 1.34 5 7 6

(-) indicates value not tested.

PROFILE

PROFILE LINE COMPOSITE SUMMARY TABLE
OCEAN ISLE BEACH 2013 NATIVE BEACH SAMPLES 



 

MEAN PHI PHI  % WET DRY %
(mm) MEAN SORTING SILT MUNSELL MUNSELL CARBONATE

VALUE VALUE -4.25 -4.00 -3.50 -3.00 -2.50 -2.25 -2.00 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 3.75 4.0 PAN

OIB000 COMPOSITE 0.24 2.05 0.86 1.23 5 7 0.00 0.00 0.14 0.17 0.25 0.27 0.32 0.44 0.57 0.80 1.31 3.12 10.22 22.36 41.89 64.91 89.21 97.89 98.66 98.80 99.97 5

OIB010 COMPOSITE 0.23 2.10 0.78 1.64 5 7 0.00 0.00 0.02 0.03 0.04 0.06 0.10 0.15 0.20 0.31 0.58 1.76 7.36 20.72 44.71 66.06 86.43 96.78 98.10 98.36 99.96 5

OIB025 COMPOSITE 0.26 1.94 1.05 1.93 5 7 0.00 0.00 0.27 0.49 0.62 0.72 0.87 1.20 1.58 2.22 3.29 5.33 11.51 25.27 47.46 67.52 85.82 96.15 97.69 98.09 99.94 7

OIB040 COMPOSITE 0.17 2.54 0.89 0.94 - - 0.00 0.00 0.45 0.45 0.53 0.61 0.61 0.64 0.68 0.73 0.81 1.00 3.56 6.12 23.84 46.26 68.67 83.50 98.33 99.16 100.00 -

OIB060 COMPOSITE 0.26 1.92 0.91 1.12 5 7 0.00 0.00 0.09 0.14 0.27 0.33 0.48 0.73 1.13 1.76 2.80 5.50 13.37 26.04 48.00 72.31 91.81 98.07 98.72 98.88 99.96 -

TOTAL BEACH COMPOSITE 0.23 2.11 0.92 1.34 5 7 0.00 0.00 0.19 0.25 0.34 0.40 0.48 0.64 0.83 1.17 1.76 3.34 9.21 20.10 41.18 63.41 84.39 94.48 98.30 98.66 99.97 6

(-) indicates value not tested.

PROFILE LINE COMPOSITE DATA TABLE
OCEAN ISLE BEACH 2013 NATIVE BEACH SAMPLES 

PROFILE

CUMULATIVE PERCENT RETAINED (SIEVES EXPRESSED IN PHI)

GRAVEL GRANULAR SAND FINES



 

SAMPLE MEAN PHI PHI  % WET DRY
I. D. (mm) MEAN SORTING SILT MUNSELL MUNSELL

(NAVD88, FT) VALUE VALUE -4.25 -4.00 -3.50 -3.00 -2.50 -2.25 -2.00 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 3.75 4.0 PAN

OIB000 Dune 0.23 2.12 0.39 0.10 7 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.16 3.46 37.26 85.63 98.53 99.82 99.89 99.90 99.99
OIB000 Dune Toe 0.30 1.75 0.50 0.14 7 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.11 0.65 6.18 28.57 69.80 94.54 99.09 99.80 99.85 99.86 99.98
OIB000 Mid Berm 0.40 1.32 0.66 0.08 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.06 0.22 1.03 8.92 35.04 61.41 84.57 95.94 99.36 99.89 99.92 99.92 99.96
OIB000 Berm Crest 0.35 1.50 0.55 0.14 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.05 0.09 0.12 0.19 1.11 16.93 51.94 82.61 96.14 99.41 99.82 99.85 99.86 99.97
OIB000 MHW 0.24 2.04 0.50 1.30 5 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.18 0.72 3.15 10.55 42.38 83.93 97.79 98.67 98.70 98.70 99.73
OIB000 MTL 0.24 2.04 0.62 1.00 4 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.10 0.37 4.41 20.99 45.17 73.28 96.01 98.89 98.99 99.00 99.99
OIB000 MLW 0.40 1.31 0.86 0.94 6 7 0.00 0.00 0.00 0.34 0.34 0.34 0.43 0.68 0.99 1.85 4.30 12.64 37.59 58.25 76.88 91.40 98.37 99.04 99.06 99.06 100.00
OIB000 Trough 0.26 1.92 1.07 0.93 6 7 0.00 0.00 0.00 0.00 0.77 0.93 1.31 2.06 2.74 3.92 5.87 8.38 14.36 25.02 41.41 64.90 92.52 98.83 99.04 99.07 100.00
OIB000 Bar Crest 0.22 2.17 0.66 1.08 5 6 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.18 0.33 0.55 0.86 1.87 5.20 13.04 31.29 65.98 95.34 98.72 98.90 98.92 99.98
OIB000 -8.75 NAVD 0.18 2.46 0.69 1.51 5 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.14 0.35 0.75 1.71 4.41 9.39 18.32 39.11 82.80 97.25 98.24 98.49 100.00
OIB000 -12.5 NAVD 0.14 2.79 0.46 2.20 5 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.12 0.24 0.44 0.99 1.91 3.46 13.85 71.60 95.26 97.38 97.80 100.00
OIB000 -16.25 NAVD 0.14 2.86 0.43 3.09 4 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.05 0.09 0.21 0.46 0.91 2.54 12.70 60.66 93.64 96.66 96.91 100.00
OIB000 -20 NAVD 0.17 2.56 1.14 3.08 4 6 0.00 0.00 1.85 1.85 2.16 2.19 2.35 2.66 2.92 3.12 3.27 3.50 4.03 5.26 8.91 26.42 68.20 92.91 96.13 96.92 100.00

OIB000 COMPOSITE 0.24 2.05 0.86 1.23 5 7 0.00 0.00 0.14 0.17 0.25 0.27 0.32 0.44 0.57 0.80 1.31 3.12 10.22 22.36 41.89 64.91 89.21 97.89 98.66 98.80 99.97

OIB010 Dune 0.22 2.21 0.49 0.28 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.15 6.39 32.62 72.65 95.32 99.29 99.64 99.72 99.92
OIB010 Dune Toe 0.31 1.69 0.43 0.35 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.12 0.22 4.25 30.86 79.70 96.90 99.18 99.63 99.65 99.65 99.91
OIB010 Mid Berm 0.32 1.64 0.40 0.23 5 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.04 0.20 4.12 34.78 84.64 98.65 99.64 99.76 99.77 99.77 99.99
OIB010 Berm Crest 0.34 1.57 0.47 0.23 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.10 0.24 1.07 9.88 41.92 84.63 98.34 99.59 99.76 99.77 99.77 99.96
OIB010 MHW 0.28 1.85 0.45 0.45 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.05 0.31 2.61 19.18 64.71 93.31 99.24 99.53 99.55 99.55 99.97
OIB010 MTL 0.28 1.83 0.56 0.90 4 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.14 0.63 6.77 27.02 60.25 88.27 98.49 99.09 99.10 99.10 100.00
OIB010 MLW 0.45 1.15 0.71 1.12 5 7 0.00 0.00 0.00 0.00 0.00 0.07 0.07 0.10 0.16 0.51 2.12 12.62 50.82 70.76 84.28 94.76 98.64 98.87 98.88 98.88 99.94
OIB010 Trough 0.19 2.37 0.58 1.03 4 7 0.00 0.00 0.00 0.00 0.01 0.01 0.20 0.25 0.27 0.44 0.67 1.13 2.51 6.10 16.14 53.02 92.98 98.78 98.94 98.97 100.00
OIB010 Bar Crest 0.22 2.18 0.54 1.17 5 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.09 0.22 0.51 2.34 9.72 32.33 69.67 96.06 98.76 98.83 98.83 99.85
OIB010 -8.75 NAVD 0.21 2.28 0.77 1.52 5 6 0.00 0.00 0.00 0.00 0.04 0.08 0.14 0.25 0.41 0.72 1.31 2.81 7.00 13.80 24.81 52.00 87.82 97.51 98.29 98.48 100.00
OIB010 -12.5 NAVD 0.13 2.96 0.45 2.66 4 6 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.08 0.09 0.12 0.17 0.27 0.56 1.19 2.67 7.69 49.42 91.24 96.20 97.34 100.00
OIB010 -16.25 NAVD 0.15 2.77 0.74 4.03 4 6 0.00 0.00 0.00 0.00 0.04 0.20 0.36 0.57 0.73 0.96 1.17 1.57 2.55 4.53 9.26 18.96 54.79 90.87 95.85 95.97 100.00
OIB010 -20.0 NAVD 0.14 2.83 0.77 7.33 4 6 0.00 0.00 0.25 0.33 0.43 0.43 0.49 0.73 0.90 1.07 1.23 1.52 2.11 3.05 5.23 14.62 52.45 84.99 90.83 92.67 100.00

OIB010 COMPOSITE 0.23 2.10 0.78 1.64 5 7 0.00 0.00 0.02 0.03 0.04 0.06 0.10 0.15 0.20 0.31 0.58 1.76 7.36 20.72 44.71 66.06 86.43 96.78 98.10 98.36 99.96

OIB025 Dune 0.27 1.87 0.44 2.17 6 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.09 1.69 16.89 62.83 91.31 97.18 97.81 97.83 97.83 99.92
OIB025 Dune Toe 0.31 1.68 0.45 0.18 7 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.09 0.32 4.80 34.06 78.23 96.70 99.42 99.80 99.82 99.82 100.00
OIB025 Mid Berm 0.31 1.67 0.62 0.31 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.40 0.60 1.05 2.65 11.41 35.30 72.04 93.19 98.78 99.65 99.69 99.69 100.00
OIB025 Berm Crest 0.30 1.72 0.46 0.37 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.11 0.37 4.35 30.36 74.86 96.23 99.17 99.61 99.63 99.63 99.92
OIB025 MHW 0.25 2.02 0.45 1.19 5 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 1.07 11.04 46.50 86.83 97.74 98.76 98.81 98.81 99.88
OIB025 MTL 0.28 1.84 0.67 0.99 5 7 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 0.12 0.14 0.29 1.21 12.11 30.87 54.41 82.97 97.93 98.98 99.01 99.01 100.00
OIB025 MLW 0.69 0.54 1.39 0.97 5 7 0.00 0.00 2.55 4.85 5.58 6.13 7.11 8.66 10.71 15.36 23.88 38.52 60.28 76.59 88.36 95.98 98.85 99.02 99.03 99.03 99.89
OIB025 Trough 0.23 2.15 0.91 1.57 4 7 0.00 0.00 0.00 0.47 0.85 1.26 1.48 1.92 2.28 2.73 3.40 4.18 6.26 10.66 23.15 64.48 94.84 98.27 98.40 98.43 99.92
OIB025 Bar Crest 0.38 1.39 0.91 1.13 5 6 0.00 0.00 0.00 0.00 0.00 0.08 0.35 1.43 2.45 3.73 5.97 11.06 28.45 53.16 73.41 89.69 98.10 98.86 98.87 98.87 99.92
OIB025 -8.75 NAVD 0.18 2.48 0.96 1.74 4 6 0.00 0.00 0.43 0.43 0.57 0.71 0.77 1.12 1.48 2.11 2.95 4.34 7.05 10.50 15.42 28.75 76.75 96.32 97.87 98.26 99.99
OIB025 -12.5 NAVD 0.13 2.94 0.48 2.18 4 6 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.12 0.19 0.25 0.30 0.40 0.74 1.40 2.67 7.88 51.47 91.06 96.68 97.82 100.00
OIB025 -16.25 NAVD 0.14 2.81 0.74 4.93 4 6 0.00 0.00 0.00 0.11 0.11 0.13 0.19 0.38 0.56 0.79 1.00 1.44 3.22 5.58 8.78 16.52 50.77 88.33 94.24 95.07 99.79
OIB025 -20.0 NAVD 0.17 2.56 1.15 7.06 4 6 0.00 0.00 0.47 0.47 0.90 1.02 1.26 1.70 2.38 3.12 3.70 4.64 8.24 12.12 16.30 27.28 54.66 83.54 90.07 92.94 100.00

OIB025 COMPOSITE 0.26 1.94 1.05 1.93 5 7 0.00 0.00 0.27 0.49 0.62 0.72 0.87 1.20 1.58 2.22 3.29 5.33 11.51 25.27 47.46 67.52 85.82 96.15 97.69 98.09 99.94

CUMULATIVE PERCENTS AND COMPUTED DISTRIBUTION FOR PROFILE LINES
OCEAN ISLE BEACH 2013 NATIVE BEACH SAMPLES (1 of 2)

FINESGRANULAR

CUMULATIVE PERCENT RETAINED (SIEVES EXPRESSED IN PHI)

GRAVEL SAND



 

USACE SAMPLE MEAN PHI PHI  % WET DRY 
I. D. (mm) MEAN(1) SORTING(1) SILT MUNSELL MUNSELL

(NAVD88, FT) VALUE VALUE -4.25 -4.00 -3.50 -3.00 -2.50 -2.25 -2.00 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 3.75 4.0 PAN

OIB040 Dune 0.27 1.91 0.47 0.18 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.16 2.33 16.54 58.24 90.4 98.9 99.75 99.81 99.82 99.94
OIB040 Dune Toe 0.14 2.84 0.67 0.95 - - 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.12 0.19 0.21 0.29 0.48 0.95 1.41 8.13 31.80 55.46 76.78 98.09 99.05 100.00
OIB040 Mid Berm 0.16 2.61 0.56 0.39 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.04 0.18 0.32 12.66 45.25 77.84 88.53 99.22 99.61 100.00
OIB040 Berm Crest 0.17 2.59 0.45 0.11 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 5.99 45.90 85.80 92.79 99.78 99.89 100.00
OIB040 MHW 0.21 2.27 0.62 0.37 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 2.36 4.71 39.64 64.39 89.14 94.20 99.25 99.63 100.00
OIB040 MTL 0.23 2.11 0.79 0.57 - - 0.00 0.00 0.00 0.00 0.00 0.17 0.17 0.17 0.17 0.18 0.23 0.50 9.04 17.58 48.55 67.97 87.39 93.13 98.86 99.43 100.00
OIB040 MLW 0.21 2.28 0.88 0.57 - - 0.00 0.00 0.00 0.00 0.88 1.08 1.08 1.12 1.15 1.18 1.26 1.52 5.10 8.68 35.42 59.09 82.76 90.81 98.85 99.43 100.00
OIB040 Trough 0.31 1.69 1.45 0.49 - - 0.00 0.00 5.43 5.43 5.43 5.43 5.43 5.47 5.51 5.61 5.75 5.96 11.98 17.99 60.94 77.66 94.38 96.70 99.02 99.51 99.99
OIB040 Bar Crest 0.22 2.16 0.84 0.51 - - 0.00 0.00 0.00 0.00 0.00 0.45 0.45 0.60 0.75 0.95 1.30 2.07 7.74 13.40 43.69 65.41 87.12 93.05 98.97 99.49 100.00
OIB040 -9.0 NAVD 0.17 2.59 0.71 0.40 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.06 0.13 0.30 2.54 4.78 19.52 45.14 70.76 84.98 99.20 99.60 99.99
OIB040 -13.0 NAVD 0.13 2.95 0.69 0.73 - - 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.14 0.20 0.29 0.41 0.63 1.58 2.53 6.36 24.90 43.44 70.99 98.54 99.27 100.00
OIB040 -17.0 NAVD 0.11 3.15 0.53 1.85 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.05 0.08 0.14 0.35 0.55 1.60 15.11 28.62 62.46 96.30 98.15 100.00
OIB040 -19.0 NAVD 0.11 3.20 0.59 3.07 - - 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.08 0.10 0.19 0.27 0.39 0.92 1.44 3.60 12.48 21.36 57.61 93.86 96.93 100.00
(-) indicates value not tested.
Values in RED indicate interpolated values.

OIB040 COMPOSITE 0.17 2.54 0.89 0.94 - - 0.00 0.00 0.45 0.45 0.53 0.61 0.61 0.64 0.68 0.73 0.81 1.00 3.56 6.12 23.84 46.26 68.67 83.50 98.33 99.16 100.00

OIB060 Dune 0.20 2.30 0.43 0.23 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.48 3.50 20.01 69.24 96.78 99.59 99.76 99.77 100.00
OIB060 Dune Toe 0.31 1.69 0.68 0.26 6 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.15 0.73 4.77 18.02 33.55 64.29 91.20 98.62 99.62 99.71 99.74 100.00
OIB060 Mid Berm 0.29 1.81 0.49 0.29 6 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.06 0.14 2.68 25.12 67.28 92.55 98.43 99.57 99.69 99.71 100.00
OIB060 Berm Crest 0.25 2.01 0.37 0.52 7 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.38 5.47 49.75 92.80 98.98 99.44 99.48 99.48 99.89
OIB060 MHW 0.31 1.70 0.74 1.18 5 6 0.00 0.00 0.00 0.00 0.09 0.09 0.28 0.69 0.99 1.56 2.47 4.45 12.43 32.82 63.91 88.51 97.91 98.77 98.81 98.82 99.89
OIB060 MTL 0.24 2.06 0.63 1.01 5 7 0.00 0.00 0.00 0.00 0.00 0.09 0.09 0.16 0.23 0.45 0.94 1.92 5.28 14.97 38.96 76.04 97.03 98.92 98.98 98.99 100.00
OIB060 MLW 0.50 0.99 1.15 0.93 5 7 0.00 0.00 0.00 0.66 1.38 1.78 2.97 4.18 5.86 9.20 14.99 26.65 46.28 63.33 80.87 93.32 98.65 99.05 99.07 99.07 99.92
OIB060 Trough 0.22 2.17 0.56 1.05 4 7 0.00 0.00 0.00 0.00 0.12 0.17 0.17 0.21 0.26 0.34 0.53 0.90 2.58 9.03 29.40 73.19 96.96 98.89 98.94 98.95 100.00
OIB060 Bar Crest 0.35 1.50 0.82 1.28 5 6 0.00 0.00 0.00 0.00 0.62 0.62 0.66 0.98 1.35 1.82 3.03 6.50 22.04 48.53 74.04 89.32 97.59 98.69 98.71 98.72 99.84
OIB060 -8.75 NAVD 0.16 2.66 0.64 1.69 4 6 0.00 0.00 0.00 0.00 0.00 0.01 0.11 0.31 0.44 0.76 1.10 1.70 2.97 4.71 7.96 21.62 76.57 96.51 98.00 98.31 100.00
OIB060 -12.5 NAVD 0.15 2.76 0.88 1.88 4 6 0.00 0.00 1.14 1.14 1.14 1.14 1.25 1.39 1.60 1.78 1.93 2.14 2.43 2.85 3.68 9.90 66.15 95.00 97.59 98.12 100.00
OIB060 -16.25 NAVD 0.50 1.00 0.90 1.71 4 6 0.00 0.00 0.00 0.00 0.16 0.27 0.45 1.23 2.95 5.32 8.59 19.09 50.77 76.93 89.56 92.26 95.20 97.76 98.18 98.29 99.95
OIB060 -20.0 NAVD 0.21 2.28 0.93 2.53 4 6 0.00 0.00 0.00 0.00 0.03 0.13 0.21 0.40 0.91 1.49 1.99 3.11 7.52 17.69 34.29 50.03 74.63 93.08 96.45 97.47 99.99

OIB060 COMPOSITE 0.26 1.92 0.91 1.12 5 7 0.00 0.00 0.09 0.14 0.27 0.33 0.48 0.73 1.13 1.76 2.80 5.50 13.37 26.04 48.00 72.31 91.81 98.07 98.72 98.88 99.96

CUMULATIVE PERCENTS AND COMPUTED DISTRIBUTION FOR PROFILE LINES

CUMULATIVE PERCENT RETAINED (SIEVES EXPRESSED IN PHI)

OCEAN ISLE BEACH 2013 NATIVE BEACH SAMPLES (2 of 2)

GRAVEL SAND FINESGRANULAR



 

SAMPLE MEAN PHI PHI  % WET DRY
I. D. (mm) MEAN SORTING SILT MUNSELL MUNSELL

(NAVD, FT) VALUE VALUE -4.25 -4.00 -3.50 -3.00 -2.50 -2.25 -2.00 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 3.75 4.0 PAN

OIB000 Dune 0.23 2.12 0.39 0.10 7 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.16 3.46 37.26 85.63 98.53 99.82 99.89 99.90 99.99
OIB010 Dune 0.22 2.21 0.49 0.28 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.15 6.39 32.62 72.65 95.32 99.29 99.64 99.72 99.92
OIB025 Dune 0.27 1.87 0.44 2.17 6 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.09 1.69 16.89 62.83 91.31 97.18 97.81 97.83 97.83 99.92
OIB060 Dune 0.20 2.30 0.43 0.23 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.48 3.50 20.01 69.24 96.78 99.59 99.76 99.77 100.00

DUNE COMPOSITE 0.23 2.13 0.46 0.69 6 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.62 7.56 38.18 79.71 96.95 99.13 99.28 99.31 99.96

OIB000 Dune Toe 0.30 1.75 0.50 0.14 7 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.11 0.65 6.18 28.57 69.80 94.54 99.09 99.80 99.85 99.86 99.98
OIB010 Dune Toe 0.31 1.69 0.43 0.35 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.12 0.22 4.25 30.86 79.70 96.90 99.18 99.63 99.65 99.65 99.91
OIB025 Dune Toe 0.31 1.68 0.45 0.18 7 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.09 0.32 4.80 34.06 78.23 96.70 99.42 99.80 99.82 99.82 100.00
OIB040 Dune Toe 0.14 2.84 0.67 0.95 - - 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.12 0.19 0.21 0.29 0.48 0.95 1.41 8.13 31.80 55.46 76.78 98.09 99.05 100.00
OIB060 Dune Toe 0.31 1.69 0.68 0.26 6 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.15 0.73 4.77 18.02 33.55 64.29 91.20 98.62 99.62 99.71 99.74 100.00

TOE OF DUNE COMPOSITE 0.23 2.12 0.72 0.33 7 7 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.05 0.08 0.27 1.29 6.84 25.69 60.03 82.23 90.35 95.13 99.42 99.62 99.98

OIB000 Mid Berm 0.40 1.32 0.66 0.08 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.06 0.22 1.03 8.92 35.04 61.41 84.57 95.94 99.36 99.89 99.92 99.92 99.96
OIB010 Mid Berm 0.32 1.64 0.40 0.23 5 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.04 0.20 4.12 34.78 84.64 98.65 99.64 99.76 99.77 99.77 99.99
OIB025 Mid Berm 0.31 1.67 0.62 0.31 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.40 0.60 1.05 2.65 11.41 35.30 72.04 93.19 98.78 99.65 99.69 99.69 100.00
OIB040 Mid Berm 0.16 2.61 0.56 0.39 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.04 0.18 0.32 12.66 45.25 77.84 88.53 99.22 99.61 100.00
OIB060 Mid Berm 0.29 1.81 0.49 0.29 6 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.06 0.14 2.68 25.12 67.28 92.55 98.43 99.57 99.69 99.71 100.00

MID BERM COMPOSITE 0.26 1.96 0.79 0.23 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.10 0.18 0.44 2.39 10.69 31.39 64.24 85.12 94.81 97.48 99.66 99.74 99.99

OIB000 Berm Crest 0.35 1.50 0.55 0.14 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.05 0.09 0.12 0.19 1.11 16.93 51.94 82.61 96.14 99.41 99.82 99.85 99.86 99.97
OIB010 Berm Crest 0.34 1.57 0.47 0.23 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.10 0.24 1.07 9.88 41.92 84.63 98.34 99.59 99.76 99.77 99.77 99.96
OIB025 Berm Crest 0.30 1.72 0.46 0.37 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.11 0.37 4.35 30.36 74.86 96.23 99.17 99.61 99.63 99.63 99.92
OIB040 Berm Crest 0.17 2.59 0.45 0.11 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 5.99 45.90 85.80 92.79 99.78 99.89 100.00
OIB060 Berm Crest 0.25 2.01 0.37 0.52 7 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.38 5.47 49.75 92.80 98.98 99.44 99.48 99.48 99.89

BERM CREST COMPOSITE 0.24 2.03 0.72 0.22 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.03 0.05 0.11 0.52 6.31 25.94 59.57 85.88 96.59 98.28 99.70 99.73 99.95

OIB000 MHW 0.24 2.04 0.50 1.30 5 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.18 0.72 3.15 10.55 42.38 83.93 97.79 98.67 98.70 98.70 99.73
OIB010 MHW 0.28 1.85 0.45 0.45 6 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.05 0.31 2.61 19.18 64.71 93.31 99.24 99.53 99.55 99.55 99.97
OIB025 MHW 0.25 2.02 0.45 1.19 5 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 1.07 11.04 46.50 86.83 97.74 98.76 98.81 98.81 99.88
OIB040 MHW 0.21 2.27 0.62 0.37 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 2.36 4.71 39.64 64.39 89.14 94.20 99.25 99.63 100.00
OIB060 MHW 0.31 1.70 0.74 1.18 5 6 0.00 0.00 0.00 0.00 0.09 0.09 0.28 0.69 0.99 1.56 2.47 4.45 12.43 32.82 63.91 88.51 97.91 98.77 98.81 98.82 99.89

MHW COMPOSITE 0.23 2.15 0.56 0.7 5 7 0.00 0.00 0.00 0.00 0.02 0.02 0.06 0.14 0.20 0.32 0.54 1.11 4.32 15.66 51.43 83.39 96.36 97.99 99.02 99.10 99.89

OIB000 MTL 0.24 2.04 0.62 1.00 4 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.10 0.37 4.41 20.99 45.17 73.28 96.01 98.89 98.99 99.00 99.99
OIB010 MTL 0.28 1.83 0.56 0.90 4 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.14 0.63 6.77 27.02 60.25 88.27 98.49 99.09 99.10 99.10 100.00
OIB025 MTL 0.28 1.84 0.67 0.99 5 7 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 0.12 0.14 0.29 1.21 12.11 30.87 54.41 82.97 97.93 98.98 99.01 99.01 100.00
OIB040 MTL 0.23 2.11 0.79 0.57 - - 0.00 0.00 0.00 0.00 0.00 0.17 0.17 0.17 0.17 0.18 0.23 0.50 9.04 17.58 48.55 67.97 87.39 93.13 98.86 99.43 100.00
OIB060 MTL 0.24 2.06 0.63 1.01 5 7 0.00 0.00 0.00 0.00 0.00 0.09 0.09 0.16 0.23 0.45 0.94 1.92 5.28 14.97 38.96 76.04 97.03 98.92 98.98 98.99 100.00

MTL COMPOSITE 0.26 1.95 0.67 0.78 5 7 0.00 0.00 0.00 0.00 0.00 0.05 0.07 0.09 0.11 0.17 0.34 0.93 7.52 22.29 49.47 77.71 95.37 97.80 98.99 99.11 100.00

OIB000 MLW 0.40 1.31 0.86 0.94 6 7 0.00 0.00 0.00 0.34 0.34 0.34 0.43 0.68 0.99 1.85 4.30 12.64 37.59 58.25 76.88 91.40 98.37 99.04 99.06 99.06 100.00
OIB010 MLW 0.45 1.15 0.71 1.12 5 7 0.00 0.00 0.00 0.00 0.00 0.07 0.07 0.10 0.16 0.51 2.12 12.62 50.82 70.76 84.28 94.76 98.64 98.87 98.88 98.88 99.94
OIB025 MLW 0.69 0.54 1.39 0.97 5 7 0.00 0.00 2.55 4.85 5.58 6.13 7.11 8.66 10.71 15.36 23.88 38.52 60.28 76.59 88.36 95.98 98.85 99.02 99.03 99.03 99.89
OIB040 MLW 0.21 2.28 0.88 0.57 - - 0.00 0.00 0.00 0.00 0.88 1.08 1.08 1.12 1.15 1.18 1.26 1.52 5.10 8.68 35.42 59.09 82.76 90.81 98.85 99.43 100.00
OIB060 MLW 0.50 0.99 1.15 0.93 5 7 0.00 0.00 0.00 0.66 1.38 1.78 2.97 4.18 5.86 9.20 14.99 26.65 46.28 63.33 80.87 93.32 98.65 99.05 99.07 99.07 99.92

MLW COMPOSITE 0.37 1.45 1.13 0.8 5 7 0.00 0.00 0.51 1.17 1.64 1.88 2.33 2.95 3.77 5.62 9.31 18.39 40.01 55.52 73.16 86.91 95.45 97.36 98.98 99.09 99.95

(-) indicates value not tested.

ELEVATION CUMULATIVE PERCENTS AND COMPUTED DISTRIBUTION
OCEAN ISLE BEACH NATIVE BEACH SAMPLES (1 of 2)

CUMULATIVE PERCENT RETAINED (SIEVES EXPRESSED IN PHI)

SAND FINESGRAVEL GRANULAR



 

SAMPLE MEAN PHI PHI  % WET DRY
I. D. (mm) MEAN SORTING SILT MUNSELL MUNSELL

(NAVD, FT) VALUE VALUE -4.25 -4.00 -3.50 -3.00 -2.50 -2.25 -2.00 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 3.75 4.0 PAN

OIB000 Trough 0.26 1.92 1.07 0.93 6 7 0.00 0.00 0.00 0.00 0.77 0.93 1.31 2.06 2.74 3.92 5.87 8.38 14.36 25.02 41.41 64.9 92.52 98.83 99.04 99.07 100.00
OIB010 Trough 0.19 2.37 0.58 1.03 4 7 0.00 0.00 0.00 0.00 0.01 0.01 0.2 0.25 0.27 0.44 0.67 1.13 2.51 6.1 16.14 53.02 92.98 98.78 98.94 98.97 100.00
OIB025 Trough 0.23 2.15 0.91 1.57 4 7 0.00 0.00 0.00 0.47 0.85 1.26 1.48 1.92 2.28 2.73 3.4 4.18 6.26 10.66 23.15 64.48 94.84 98.27 98.4 98.43 99.92
OIB040 Trough 0.31 1.69 1.45 0.49 - - 0.00 0.00 5.43 5.43 5.43 5.43 5.43 5.47 5.51 5.61 5.75 5.96 11.98 17.99 60.94 77.66 94.38 96.70 99.02 99.51 99.99
OIB060 Trough 0.22 2.17 0.56 1.05 4 7 0.00 0.00 0.00 0.00 0.12 0.17 0.17 0.21 0.26 0.34 0.53 0.9 2.58 9.03 29.4 73.19 96.96 98.89 98.94 98.95 100

TROUGH COMPOSITE 0.25 2.02 1.03 0.88 5 7 0.00 0.00 1.09 1.18 1.44 1.56 1.72 1.98 2.21 2.61 3.24 4.11 7.54 13.76 34.21 66.65 94.34 98.29 98.87 98.99 99.98

OIB000 Bar Crest 0.22 2.17 0.66 1.08 5 6 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.18 0.33 0.55 0.86 1.87 5.20 13.04 31.29 65.98 95.34 98.72 98.90 98.92 99.98
OIB010 Bar Crest 0.22 2.18 0.54 1.17 5 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.09 0.22 0.51 2.34 9.72 32.33 69.67 96.06 98.76 98.83 98.83 99.85
OIB025 Bar Crest 0.38 1.39 0.91 1.13 5 6 0.00 0.00 0.00 0.00 0.00 0.08 0.35 1.43 2.45 3.73 5.97 11.06 28.45 53.16 73.41 89.69 98.10 98.86 98.87 98.87 99.92
OIB040 Bar Crest 0.22 2.16 0.84 0.51 - - 0.00 0.00 0.00 0.00 0.00 0.45 0.45 0.60 0.75 0.95 1.30 2.07 7.74 13.40 43.69 65.41 87.12 93.05 98.97 99.49 100.00
OIB060 Bar Crest 0.35 1.5 0.82 1.28 5 6 0.00 0.00 0.00 0.00 0.62 0.62 0.66 0.98 1.35 1.82 3.03 6.5 22.04 48.53 74.04 89.32 97.59 98.69 98.71 98.72 99.84

BAR CREST COMPOSITE 0.27 1.88 0.84 1.03 5 6 0.00 0.00 0.00 0.00 0.12 0.23 0.31 0.64 0.98 1.43 2.28 4.40 13.15 27.57 50.95 76.01 94.84 97.62 98.86 98.97 99.92

OIB000 -8.75 NAVD 0.18 2.46 0.69 1.51 5 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.14 0.35 0.75 1.71 4.41 9.39 18.32 39.11 82.80 97.25 98.24 98.49 100.00
OIB010 -8.75 NAVD 0.21 2.28 0.77 1.52 5 6 0.00 0.00 0.00 0.00 0.04 0.08 0.14 0.25 0.41 0.72 1.31 2.81 7.00 13.80 24.81 52.00 87.82 97.51 98.29 98.48 100.00
OIB025 -8.75 NAVD 0.18 2.48 0.96 1.74 4 6 0.00 0.00 0.43 0.43 0.57 0.71 0.77 1.12 1.48 2.11 2.95 4.34 7.05 10.50 15.42 28.75 76.75 96.32 97.87 98.26 99.99
OIB040 -9.0 NAVD 0.17 2.59 0.71 0.40 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.06 0.13 0.30 2.54 4.78 19.52 45.14 70.76 84.98 99.20 99.60 99.99

OIB060 -8.75 NAVD 0.16 2.66 0.64 1.69 4 6 0.00 0.00 0.00 0.00 0.00 0.01 0.11 0.31 0.44 0.76 1.10 1.70 2.97 4.71 7.96 21.62 76.57 96.51 98.00 98.31 100.00

-8.75 NAVD COMPOSITE 0.2 2.34 0.86 1.13 5 6 0.00 0.00 0.09 0.09 0.12 0.16 0.20 0.35 0.50 0.80 1.25 2.17 4.79 8.64 17.21 37.32 78.94 94.51 98.32 98.63 100.00

OIB000 -12.5 NAVD 0.14 2.79 0.46 2.20 5 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.12 0.24 0.44 0.99 1.91 3.46 13.85 71.60 95.26 97.38 97.80 100.00
OIB010 -12.5 NAVD 0.13 2.96 0.45 2.66 4 6 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.08 0.09 0.12 0.17 0.27 0.56 1.19 2.67 7.69 49.42 91.24 96.20 97.34 100.00
OIB025 -12.5 NAVD 0.13 2.94 0.48 2.18 4 6 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.12 0.19 0.25 0.30 0.40 0.74 1.40 2.67 7.88 51.47 91.06 96.68 97.82 100.00
OIB040 -13.0 NAVD 0.13 2.95 0.69 0.73 - - 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.14 0.20 0.29 0.41 0.63 1.58 2.53 6.36 24.90 43.44 70.99 98.54 99.27 100.00
OIB060 -12.5 NAVD 0.15 2.76 0.88 1.88 4 6 0.00 0.00 1.14 1.14 1.14 1.14 1.25 1.39 1.60 1.78 1.93 2.14 2.43 2.85 3.68 9.90 66.15 95.00 97.59 98.12 100.00

-12.5 NAVD COMPOSITE 0.14 2.86 0.6 1.75 4 6 0.00 0.00 0.23 0.23 0.23 0.24 0.27 0.35 0.42 0.51 0.61 0.78 1.26 1.98 3.77 12.84 56.42 88.71 97.28 98.07 100.00

OIB000 -16.25 NAVD 0.14 2.86 0.43 3.09 4 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.05 0.09 0.21 0.46 0.91 2.54 12.70 60.66 93.64 96.66 96.91 100.00
OIB010 -16.25 NAVD 0.15 2.77 0.74 4.03 4 6 0.00 0.00 0.00 0.00 0.04 0.20 0.36 0.57 0.73 0.96 1.17 1.57 2.55 4.53 9.26 18.96 54.79 90.87 95.85 95.97 100.00
OIB025 -16.25 NAVD 0.14 2.81 0.74 4.93 4 6 0.00 0.00 0.00 0.11 0.11 0.13 0.19 0.38 0.56 0.79 1.00 1.44 3.22 5.58 8.78 16.52 50.77 88.33 94.24 95.07 99.79
OIB040 -17.0 NAVD 0.11 3.15 0.53 1.85 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.05 0.08 0.14 0.35 0.55 1.60 15.11 28.62 62.46 96.30 98.15 100.00

OIB060 -16.25 NAVD 0.5 1 0.9 1.71 4 6 0.00 0.00 0.00 0.00 0.16 0.27 0.45 1.23 2.95 5.32 8.59 19.09 50.77 76.93 89.56 92.26 95.2 97.76 98.18 98.29 99.95

-16.25 NAVD COMPOSITE 0.13 2.93 0.65 2.97 4 6 0.00 0.00 0.00 0.02 0.06 0.12 0.20 0.44 0.86 1.43 2.19 4.49 11.47 17.70 22.35 31.11 58.01 86.61 96.25 96.88 99.95

OIB000 -20 NAVD 0.17 2.56 1.14 3.08 4 6 0.00 0.00 1.85 1.85 2.16 2.19 2.35 2.66 2.92 3.12 3.27 3.50 4.03 5.26 8.91 26.42 68.20 92.91 96.13 96.92 100.00
OIB010 -20.0 NAVD 0.14 2.83 0.77 7.33 4 6 0.00 0.00 0.25 0.33 0.43 0.43 0.49 0.73 0.90 1.07 1.23 1.52 2.11 3.05 5.23 14.62 52.45 84.99 90.83 92.67 100.00
OIB025 -20.0 NAVD 0.17 2.56 1.15 7.06 4 6 0.00 0.00 0.47 0.47 0.90 1.02 1.26 1.70 2.38 3.12 3.70 4.64 8.24 12.12 16.30 27.28 54.66 83.54 90.07 92.94 100.00
OIB040 -19.0 NAVD 0.11 3.20 0.59 3.07 - - 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.08 0.10 0.19 0.27 0.39 0.92 1.44 3.60 12.48 21.36 57.61 93.86 96.93 100.00
OIB060 -20.0 NAVD 0.21 2.28 0.93 2.53 4 6 0.00 0.00 0.00 0.00 0.03 0.13 0.21 0.40 0.91 1.49 1.99 3.11 7.52 17.69 34.29 50.03 74.63 93.08 96.45 97.47 99.99

-20.0 NAVD COMPOSITE 0.14 2.83 0.92 4.3 4 6 0.00 0.00 0.51 0.53 0.70 0.76 0.87 1.11 1.44 1.80 2.09 2.63 4.56 7.91 13.67 26.17 54.26 82.43 93.47 95.39 100.00
(-) indicates value not tested.

ELEVATION CUMULATIVE PERCENTS AND COMPUTED DISTRIBUTION

GRANULAR

OCEAN ISLE BEACH NATIVE BEACH SAMPLES (2 of 2)
CUMULATIVE PERCENT RETAINED (SIEVES EXPRESSED IN PHI)

GRAVEL SAND FINES



 

SAMPLE FINE SAND GRANULAR GRAVEL
I. D. % % % %

(NAVD, FT) (<0.0625mm) (0.0625mm-2.00mm) (2mm-4.76mm) (4.76mm-76mm)

OIB000 Dune 0.10 99.90 0.00 0.00
OIB000 Dune Toe 0.14 99.86 0.00 0.00
OIB000 Mid Berm 0.08 99.86 0.06 0.00
OIB000 Berm Crest 0.14 99.77 0.09 0.00
OIB000 MHW 1.30 98.70 0.00 0.00
OIB000 MTL 1.00 98.97 0.03 0.00
OIB000 MLW 0.94 98.07 0.65 0.34
OIB000 Trough 0.93 96.33 1.81 0.93
OIB000 Bar Crest 1.08 98.59 0.33 0.00
OIB000 -8.75 NAVD 1.51 98.35 0.14 0.00
OIB000 -12.5 NAVD 2.20 97.76 0.04 0.00
OIB000 -16.25 NAVD 3.09 96.88 0.03 0.00
OIB000 -20 NAVD 3.08 94.00 0.73 2.19

OIB000 COMPOSITE 1.23 98.23 0.30 0.27

OIB010 Dune 0.28 99.72 0.00 0.00
OIB010 Dune Toe 0.35 99.65 0.00 0.00
OIB010 Mid Berm 0.23 99.76 0.01 0.00
OIB010 Berm Crest 0.23 99.73 0.04 0.00
OIB010 MHW 0.45 99.54 0.01 0.00
OIB010 MTL 0.90 99.10 0.00 0.00
OIB010 MLW 1.12 98.72 0.09 0.07
OIB010 Trough 1.03 98.70 0.26 0.01
OIB010 Bar Crest 1.17 98.80 0.03 0.00
OIB010 -8.75 NAVD 1.52 98.07 0.33 0.08
OIB010 -12.5 NAVD 2.66 97.25 0.09 0.00
OIB010 -16.25 NAVD 4.03 95.24 0.53 0.20
OIB010 -20.0 NAVD 7.33 91.77 0.47 0.43

OIB010 COMPOSITE 1.64 98.16 0.14 0.06

OIB025 Dune 2.17 97.83 0.00 0.00
OIB025 Dune Toe 0.18 99.82 0.00 0.00
OIB025 Mid Berm 0.31 99.29 0.40 0.00
OIB025 Berm Crest 0.37 99.61 0.02 0.00
OIB025 MHW 1.19 98.81 0.00 0.00
OIB025 MTL 0.99 98.89 0.12 0.00
OIB025 MLW 0.97 88.32 4.58 6.13
OIB025 Trough 1.57 96.15 1.02 1.26
OIB025 Bar Crest 1.13 96.42 2.37 0.08
OIB025 -8.75 NAVD 1.74 96.78 0.77 0.71
OIB025 -12.5 NAVD 2.18 97.63 0.19 0.00
OIB025 -16.25 NAVD 4.93 94.51 0.43 0.13
OIB025 -20.0 NAVD 7.06 90.56 1.36 1.02

OIB025 COMPOSITE 1.93 96.51 0.87 0.72

PERCENTAGE OF MATERIAL BY SEDIMENT GRAIN SIZE CATEGORY
OCEAN ISLE BEACH 2013 NATIVE BEACH SAMPLES (1 of 2)



 

SAMPLE FINE SAND GRANULAR GRAVEL
I. D. % % % %

(NAVD, FT) (<0.0625mm) (0.0625mm-2.00mm) (2mm-4.76mm) (4.76mm-76mm)

OIB040 Dune Toe* 0.95 98.86 0.15 0.04
OIB040 Mid Berm* 0.39 99.60 0.01 0.00
OIB040 Berm Crest* 0.11 99.89 0.00 0.00
OIB040 MHW* 0.37 99.63 0.00 0.00
OIB040 MTL* 0.57 99.26 0.00 0.17
OIB040 MLW* 0.57 98.28 0.07 1.08
OIB040 Trough* 0.49 94.00 0.08 5.43
OIB040 Bar Crest* 0.51 98.74 0.30 0.45
OIB040 -9.0 NAVD* 0.40 99.59 0.01 0.00
OIB040 -13.0 NAVD* 0.73 99.07 0.12 0.08
OIB040 -17.0 NAVD* 1.85 98.12 0.03 0.00
OIB040 -19.0 NAVD* 3.07 96.83 0.05 0.05

OIB040 COMPOSITE 0.94 98.49 0.07 0.61

OIB060 Dune 0.23 99.77 0.00 0.00
OIB060 Dune Toe 0.26 99.70 0.04 0.00
OIB060 Mid Berm 0.29 99.71 0.00 0.00
OIB060 Berm Crest 0.52 99.48 0.00 0.00
OIB060 MHW 1.18 97.83 0.90 0.09
OIB060 MTL 1.01 98.76 0.14 0.09
OIB060 MLW 0.93 93.21 4.08 1.78
OIB060 Trough 1.05 98.69 0.09 0.17
OIB060 Bar Crest 1.28 97.37 0.73 0.62
OIB060 -8.75 NAVD 1.69 97.87 0.43 0.01
OIB060 -12.5 NAVD 1.88 96.52 0.46 1.14
OIB060 -16.25 NAVD 1.71 95.34 2.68 0.27
OIB060 -20.0 NAVD 2.53 96.56 0.78 0.13

OIB060 COMPOSITE 1.12 97.75 0.79 0.33

TOTAL BEACH COMPOSITE 1.34 97.83 0.43 0.40

PERCENTAGE OF MATERIAL BY SEDIMENT GRAIN SIZE CATEGORY
OCEAN ISLE BEACH 2013 NATIVE BEACH SAMPLES (2 of 2)



 
 
 
 
 
 
 
 
 
 

APPENDIX 5 
BEACH COMPOSITE GRANULARMETRIC REPORTS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.14 0.14 0.14 0.14

5/16" -3.00 8.00 0.03 0.03 0.17 0.17

3.5 -2.50 5.66 0.08 0.08 0.25 0.25

4 -2.25 4.76 0.02 0.02 0.27 0.27

5 -2.00 4.00 0.05 0.05 0.32 0.32

7 -1.50 2.83 0.12 0.12 0.44 0.44

10 -1.00 2.00 0.13 0.13 0.57 0.57

14 -0.50 1.41 0.23 0.23 0.80 0.80

18 0.00 1.00 0.51 0.51 1.31 1.31

25 0.50 0.71 1.81 1.81 3.12 3.12

35 1.00 0.50 7.10 7.10 10.22 10.22

45 1.50 0.35 12.14 12.14 22.36 22.36

60 2.00 0.25 19.53 19.53 41.89 41.89

80 2.50 0.18 23.02 23.02 64.91 64.91

120 3.00 0.13 24.30 24.30 89.21 89.21

170 3.50 0.09 8.68 8.68 97.89 97.89

200 3.75 0.07 0.77 0.77 98.66 98.66

230 4.00 0.06 0.14 0.14 98.80 98.80

SP

North Carolina State Plane

Granularmetric Report

Sorting

0.85

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.26

Kurtosis

7.64

0.0 NAVD 88

Northing (ft):

Munsell:

0.03

Mean Phi

2.06

Phi 5

3.33

Phi 16

2.89

Phi 25

2.71

Phi 50

2.18

Phi 75

1.57

Phi 84

1.24

100.00 1.17

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB000 COMPOSITE

Analysis Date:  02-05-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.34
#230 - 1.20

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.63

Mean mm

0.24

Average wet Munsell Value is 5. Average dry Munsell Value is 7.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

5

CB&I
Coastal Planning & Engineering, Inc.

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391 8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.02 0.02 0.02 0.02

5/16" -3.00 8.00 0.01 0.01 0.03 0.03

3.5 -2.50 5.66 0.01 0.01 0.04 0.04

4 -2.25 4.76 0.02 0.02 0.06 0.06

5 -2.00 4.00 0.04 0.04 0.10 0.10

7 -1.50 2.83 0.05 0.05 0.15 0.15

10 -1.00 2.00 0.05 0.05 0.20 0.20

14 -0.50 1.41 0.11 0.11 0.31 0.31

18 0.00 1.00 0.27 0.27 0.58 0.58

25 0.50 0.71 1.18 1.18 1.76 1.76

35 1.00 0.50 5.60 5.60 7.36 7.36

45 1.50 0.35 13.36 13.36 20.72 20.72

60 2.00 0.25 23.99 23.99 44.71 44.71

80 2.50 0.18 21.35 21.35 66.06 66.06

120 3.00 0.13 20.37 20.37 86.43 86.43

170 3.50 0.09 10.35 10.35 96.78 96.78

200 3.75 0.07 1.32 1.32 98.10 98.10

230 4.00 0.06 0.26 0.26 98.36 98.36

SP

North Carolina State Plane

Granularmetric Report

Sorting

0.78

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.53

Kurtosis

4.48

0.0 NAVD 88

Northing (ft):

Munsell:

0.04

Mean Phi

2.1

Phi 5

3.41

Phi 16

2.94

Phi 25

2.72

Phi 50

2.12

Phi 75

1.59

Phi 84

1.32

100.00 1.60

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB010 COMPOSITE

Analysis Date:  02-05-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.90
#230 - 1.64

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.79

Mean mm

0.23

Average wet Munsell Value is 5. Average dry Munsell Value is 7.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

5

CB&I
Coastal Planning & Engineering, Inc.

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391 8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.27 0.27 0.27 0.27

5/16" -3.00 8.00 0.22 0.22 0.49 0.49

3.5 -2.50 5.66 0.13 0.13 0.62 0.62

4 -2.25 4.76 0.10 0.10 0.72 0.72

5 -2.00 4.00 0.15 0.15 0.87 0.87

7 -1.50 2.83 0.33 0.33 1.20 1.20

10 -1.00 2.00 0.38 0.38 1.58 1.58

14 -0.50 1.41 0.64 0.64 2.22 2.22

18 0.00 1.00 1.07 1.07 3.29 3.29

25 0.50 0.71 2.04 2.04 5.33 5.33

35 1.00 0.50 6.18 6.18 11.51 11.51

45 1.50 0.35 13.76 13.76 25.27 25.27

60 2.00 0.25 22.19 22.19 47.46 47.46

80 2.50 0.18 20.06 20.06 67.52 67.52

120 3.00 0.13 18.30 18.30 85.82 85.82

170 3.50 0.09 10.33 10.33 96.15 96.15

200 3.75 0.07 1.54 1.54 97.69 97.69

230 4.00 0.06 0.40 0.40 98.09 98.09

SW

North Carolina State Plane

Granularmetric Report

Sorting

1.01

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.54

Kurtosis

8.39

0.0 NAVD 88

Northing (ft):

Munsell:

0.06

Mean Phi

1.97

Phi 5

3.44

Phi 16

2.95

Phi 25

2.70

Phi 50

2.06

Phi 75

1.49

Phi 84

1.16

100.00 1.85

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB025 COMPOSITE

Analysis Date:  02-05-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 2.31
#230 - 1.91

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.42

Mean mm

0.26

Munsell Values not available.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.
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CB&I
Coastal Planning & Engineering, Inc.

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391 8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.45 0.45 0.45 0.45

5/16" -3.00 8.00 0.00 0.00 0.45 0.45

3.5 -2.50 5.66 0.08 0.08 0.53 0.53

4 -2.25 4.76 0.08 0.08 0.61 0.61

5 -2.00 4.00 0.00 0.00 0.61 0.61

7 -1.50 2.83 0.03 0.03 0.64 0.64

10 -1.00 2.00 0.04 0.04 0.68 0.68

14 -0.50 1.41 0.05 0.05 0.73 0.73

18 0.00 1.00 0.08 0.08 0.81 0.81

25 0.50 0.71 0.19 0.19 1.00 1.00

35 1.00 0.50 2.56 2.56 3.56 3.56

45 1.50 0.35 2.56 2.56 6.12 6.12

60 2.00 0.25 17.72 17.72 23.84 23.84

80 2.50 0.18 22.42 22.42 46.26 46.26

120 3.00 0.13 22.41 22.41 68.67 68.67

170 3.50 0.09 14.83 14.83 83.50 83.50

200 3.75 0.07 14.83 14.83 98.33 98.33

230 4.00 0.06 0.83 0.83 99.16 99.16

SW

North Carolina State Plane

Granularmetric Report

Sorting

0.89

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.09

Kurtosis

14.83

-0.5 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.53

Phi 5

3.69

Phi 16

3.51

Phi 25

3.21

Phi 50

2.58

Phi 75

2.03

Phi 84

1.78

100.00 0.84

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB040 COMPOSITE

Analysis Date:  03-18-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.67
#230 - 0.84

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.28

Mean mm

0.17

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.09 0.09 0.09 0.09

5/16" -3.00 8.00 0.05 0.05 0.14 0.14

3.5 -2.50 5.66 0.13 0.13 0.27 0.27

4 -2.25 4.76 0.06 0.06 0.33 0.33

5 -2.00 4.00 0.15 0.15 0.48 0.48

7 -1.50 2.83 0.25 0.25 0.73 0.73

10 -1.00 2.00 0.40 0.40 1.13 1.13

14 -0.50 1.41 0.63 0.63 1.76 1.76

18 0.00 1.00 1.04 1.04 2.80 2.80

25 0.50 0.71 2.70 2.70 5.50 5.50

35 1.00 0.50 7.87 7.87 13.37 13.37

45 1.50 0.35 12.67 12.67 26.04 26.04

60 2.00 0.25 21.96 21.96 48.00 48.00

80 2.50 0.18 24.31 24.31 72.31 72.31

120 3.00 0.13 19.50 19.50 91.81 91.81

170 3.50 0.09 6.26 6.26 98.07 98.07

200 3.75 0.07 0.65 0.65 98.72 98.72

230 4.00 0.06 0.16 0.16 98.88 98.88

SW

North Carolina State Plane

Granularmetric Report

Sorting

0.91

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.29

Kurtosis

6.9

0.0 NAVD 88

Northing (ft):

Munsell:

0.04

Mean Phi

1.92

Phi 5

3.25

Phi 16

2.80

Phi 25

2.57

Phi 50

2.04

Phi 75

1.46

Phi 84

1.10

100.00 1.08

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  OIB060 COMPOSITE

Analysis Date:  03-18-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.28
#230 - 1.12

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.41

Mean mm

0.26

Average wet Munsell Value is 5. Average dry Munsell Value is 7.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.19 0.19 0.19 0.19

5/16" -3.00 8.00 0.06 0.06 0.25 0.25

3.5 -2.50 5.66 0.09 0.09 0.34 0.34

4 -2.25 4.76 0.06 0.06 0.40 0.40

5 -2.00 4.00 0.08 0.08 0.48 0.48

7 -1.50 2.83 0.16 0.16 0.64 0.64

10 -1.00 2.00 0.19 0.19 0.83 0.83

14 -0.50 1.41 0.34 0.34 1.17 1.17

18 0.00 1.00 0.59 0.59 1.76 1.76

25 0.50 0.71 1.58 1.58 3.34 3.34

35 1.00 0.50 5.87 5.87 9.21 9.21

45 1.50 0.35 10.89 10.89 20.10 20.10

60 2.00 0.25 21.08 21.08 41.18 41.18

80 2.50 0.18 22.23 22.23 63.41 63.41

120 3.00 0.13 20.98 20.98 84.39 84.39

170 3.50 0.09 10.09 10.09 94.48 94.48

200 3.75 0.07 3.82 3.82 98.30 98.30

230 4.00 0.06 0.36 0.36 98.66 98.66

SW

North Carolina State Plane

Granularmetric Report

Sorting

0.92

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.32

Kurtosis

8.16

0.0 NAVD 88

Northing (ft):

Munsell:

0.03

Mean Phi

2.11

Phi 5

3.53

Phi 16

2.99

Phi 25

2.78

Phi 50

2.20

Phi 75

1.62

Phi 84

1.31

100.00 1.31

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  TOTAL BEACH COMP

Analysis Date:  03-19-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.70
#230 - 1.34

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.64

Mean mm

0.23

Average wet Munsell Value is 5. Average dry Munsell Value is 7.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

6

CB&I
Coastal Planning & Engineering, Inc.

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391 8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.00 0.00 0.00 0.00

18 0.00 1.00 0.01 0.01 0.01 0.01

25 0.50 0.71 0.03 0.03 0.04 0.04

35 1.00 0.50 0.58 0.58 0.62 0.62

45 1.50 0.35 6.94 6.94 7.56 7.56

60 2.00 0.25 30.62 30.62 38.18 38.18

80 2.50 0.18 41.53 41.53 79.71 79.71

120 3.00 0.13 17.24 17.24 96.95 96.95

170 3.50 0.09 2.18 2.18 99.13 99.13

200 3.75 0.07 0.15 0.15 99.28 99.28

230 4.00 0.06 0.03 0.03 99.31 99.31

SP

North Carolina State Plane

Granularmetric Report

Sorting

0.46

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.02

Kurtosis

3.15

0.0 NAVD 88

Northing (ft):

Munsell:

0.04

Mean Phi

2.13

Phi 5

2.94

Phi 16

2.62

Phi 25

2.44

Phi 50

2.14

Phi 75

1.78

Phi 84

1.64

100.00 0.65

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  DUNE COMPOSITE

Analysis Date:  03-19-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 0.72
#230 - 0.69

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.32

Mean mm

0.23

Average wet Munsell Value is 6. Average dry Munsell Value is 8.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.01 0.01 0.01 0.01

5 -2.00 4.00 0.01 0.01 0.02 0.02

7 -1.50 2.83 0.01 0.01 0.03 0.03

10 -1.00 2.00 0.01 0.01 0.04 0.04

14 -0.50 1.41 0.01 0.01 0.05 0.05

18 0.00 1.00 0.07 0.07 0.12 0.12

25 0.50 0.71 0.22 0.22 0.34 0.34

35 1.00 0.50 2.92 2.92 3.26 3.26

45 1.50 0.35 15.76 15.76 19.02 19.02

60 2.00 0.25 29.58 29.58 48.60 48.60

80 2.50 0.18 24.20 24.20 72.80 72.80

120 3.00 0.13 14.03 14.03 86.83 86.83

170 3.50 0.09 6.46 6.46 93.29 93.29

200 3.75 0.07 6.17 6.17 99.46 99.46

230 4.00 0.06 0.21 0.21 99.67 99.67

SP

North Carolina State Plane

Granularmetric Report

Sorting

0.72

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.3

Kurtosis

3.03

0.0 NAVD 88

Northing (ft):

Munsell:

0.02

Mean Phi

2.12

Phi 5

3.57

Phi 16

2.90

Phi 25

2.58

Phi 50

2.03

Phi 75

1.60

Phi 84

1.40

100.00 0.31

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  TOE OF DUNE COMP

Analysis Date:  07-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.54
#230 - 0.33

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.06

Mean mm

0.23

Average wet Munsell Value is 7. Average dry Munsell Value is 7.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.05 0.05 0.05 0.05

10 -1.00 2.00 0.05 0.05 0.10 0.10

14 -0.50 1.41 0.09 0.09 0.19 0.19

18 0.00 1.00 0.28 0.28 0.47 0.47

25 0.50 0.71 2.07 2.07 2.54 2.54

35 1.00 0.50 8.78 8.78 11.32 11.32

45 1.50 0.35 16.49 16.49 27.81 27.81

60 2.00 0.25 24.71 24.71 52.52 52.52

80 2.50 0.18 22.81 22.81 75.33 75.33

120 3.00 0.13 15.62 15.62 90.95 90.95

170 3.50 0.09 4.51 4.51 95.46 95.46

200 3.75 0.07 4.21 4.21 99.67 99.67

230 4.00 0.06 0.10 0.10 99.77 99.77

SP

North Carolina State Plane

Granularmetric Report

Sorting

0.79

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.05

Kurtosis

3.03

0.0 NAVD 88

Northing (ft):

Munsell:

0.01

Mean Phi

1.96

Phi 5

3.45

Phi 16

2.78

Phi 25

2.49

Phi 50

1.95

Phi 75

1.41

Phi 84

1.14

100.00 0.22

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  MID BERM COMP

Analysis Date:  07-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.33
#230 - 0.23

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.64

Mean mm

0.26

Composite

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.01 0.01 0.01 0.01

7 -1.50 2.83 0.02 0.02 0.03 0.03

10 -1.00 2.00 0.02 0.02 0.05 0.05

14 -0.50 1.41 0.04 0.04 0.09 0.09

18 0.00 1.00 0.11 0.11 0.20 0.20

25 0.50 0.71 0.57 0.57 0.77 0.77

35 1.00 0.50 5.81 5.81 6.58 6.58

45 1.50 0.35 17.30 17.30 23.88 23.88

60 2.00 0.25 25.38 25.38 49.26 49.26

80 2.50 0.18 25.56 25.56 74.82 74.82

120 3.00 0.13 16.87 16.87 91.69 91.69

170 3.50 0.09 4.11 4.11 95.80 95.80

200 3.75 0.07 3.91 3.91 99.71 99.71

230 4.00 0.06 0.07 0.07 99.78 99.78

SP

North Carolina State Plane

Granularmetric Report

Sorting

0.72

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.06

Kurtosis

3.08

0.0 NAVD 88

Northing (ft):

Munsell:

0.05

Mean Phi

2.03

Phi 5

3.40

Phi 16

2.77

Phi 25

2.51

Phi 50

2.01

Phi 75

1.52

Phi 84

1.27

100.00 0.17

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  BERM CREST COMP

Analysis Date:  07-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 0.29
#230 - 0.22

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.86

Mean mm

0.24

Composite

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.00 0.00 0.00 0.00

5 -2.00 4.00 0.00 0.00 0.00 0.00

7 -1.50 2.83 0.00 0.00 0.00 0.00

10 -1.00 2.00 0.00 0.00 0.00 0.00

14 -0.50 1.41 0.01 0.01 0.01 0.01

18 0.00 1.00 0.04 0.04 0.05 0.05

25 0.50 0.71 0.17 0.17 0.22 0.22

35 1.00 0.50 1.62 1.62 1.84 1.84

45 1.50 0.35 7.26 7.26 9.10 9.10

60 2.00 0.25 31.32 31.32 40.42 40.42

80 2.50 0.18 34.79 34.79 75.21 75.21

120 3.00 0.13 18.83 18.83 94.04 94.04

170 3.50 0.09 2.79 2.79 96.83 96.83

200 3.75 0.07 2.36 2.36 99.19 99.19

230 4.00 0.06 0.11 0.11 99.30 99.30

SP

North Carolina State Plane

Granularmetric Report

Sorting

0.56

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

0.14

Kurtosis

3.6

1.8 NAVD 88

Northing (ft):

Munsell:

0.11

Mean Phi

2.15

Phi 5

3.17

Phi 16

2.73

Phi 25

2.50

Phi 50

2.14

Phi 75

1.75

Phi 84

1.61

100.00 0.59

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  MHW COMPOSITE

Analysis Date:  02-05-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 0.81
#230 - 0.70

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.22

Mean mm

0.23

Average wet Munsell Value is 5. Average dry Munsell Value is 7.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.03 0.03 0.03 0.03

5 -2.00 4.00 0.02 0.02 0.05 0.05

7 -1.50 2.83 0.01 0.01 0.06 0.06

10 -1.00 2.00 0.01 0.01 0.07 0.07

14 -0.50 1.41 0.02 0.02 0.09 0.09

18 0.00 1.00 0.11 0.11 0.20 0.20

25 0.50 0.71 0.56 0.56 0.76 0.76

35 1.00 0.50 7.49 7.49 8.25 8.25

45 1.50 0.35 14.38 14.38 22.63 22.63

60 2.00 0.25 31.93 31.93 54.56 54.56

80 2.50 0.18 23.86 23.86 78.42 78.42

120 3.00 0.13 16.51 16.51 94.93 94.93

170 3.50 0.09 2.48 2.48 97.41 97.41

200 3.75 0.07 1.60 1.60 99.01 99.01

230 4.00 0.06 0.21 0.21 99.22 99.22

SP

North Carolina State Plane

Granularmetric Report

Sorting

0.67

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-0.1

Kurtosis

3.76

-0.6 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

1.95

Phi 5

3.01

Phi 16

2.67

Phi 25

2.43

Phi 50

1.93

Phi 75

1.54

Phi 84

1.27

100.00 0.78

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  MTL COMPOSITE

Analysis Date:  02-05-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 0.99
#230 - 0.78

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.78

Mean mm

0.26

Average wet Munsell Value is 5. Average dry Munsell Value is 7.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.51 0.51 0.51 0.51

5/16" -3.00 8.00 0.53 0.53 1.04 1.04

3.5 -2.50 5.66 0.32 0.32 1.36 1.36

4 -2.25 4.76 0.19 0.19 1.55 1.55

5 -2.00 4.00 0.21 0.21 1.76 1.76

7 -1.50 2.83 0.39 0.39 2.15 2.15

10 -1.00 2.00 0.50 0.50 2.65 2.65

14 -0.50 1.41 1.21 1.21 3.86 3.86

18 0.00 1.00 2.59 2.59 6.45 6.45

25 0.50 0.71 6.93 6.93 13.38 13.38

35 1.00 0.50 19.51 19.51 32.89 32.89

45 1.50 0.35 13.90 13.90 46.79 46.79

60 2.00 0.25 21.02 21.02 67.81 67.81

80 2.50 0.18 15.24 15.24 83.05 83.05

120 3.00 0.13 11.46 11.46 94.51 94.51

170 3.50 0.09 2.36 2.36 96.87 96.87

200 3.75 0.07 2.14 2.14 99.01 99.01

230 4.00 0.06 0.19 0.19 99.20 99.20

SW

North Carolina State Plane

Granularmetric Report

Sorting

1.13

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.15

Kurtosis

6.48

-2.9 NAVD 88

Northing (ft):

Munsell:

0.05

Mean Phi

1.45

Phi 5

3.10

Phi 16

2.54

Phi 25

2.24

Phi 50

1.58

Phi 75

0.80

Phi 84

0.57

100.00 0.75

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  MLW COMPOSITE

Analysis Date:  02-05-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 0.99
#230 - 0.80

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

-0.28

Mean mm

0.37

Average wet Munsell Value is 5. Average dry Munsell Value is 7.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 1.09 1.09 1.09 1.09

5/16" -3.00 8.00 0.09 0.09 1.18 1.18

3.5 -2.50 5.66 0.23 0.23 1.41 1.41

4 -2.25 4.76 0.16 0.16 1.57 1.57

5 -2.00 4.00 0.16 0.16 1.73 1.73

7 -1.50 2.83 0.28 0.28 2.01 2.01

10 -1.00 2.00 0.25 0.25 2.26 2.26

14 -0.50 1.41 0.46 0.46 2.72 2.72

18 0.00 1.00 0.73 0.73 3.45 3.45

25 0.50 0.71 0.97 0.97 4.42 4.42

35 1.00 0.50 4.78 4.78 9.20 9.20

45 1.50 0.35 6.63 6.63 15.83 15.83

60 2.00 0.25 23.46 23.46 39.29 39.29

80 2.50 0.18 27.62 27.62 66.91 66.91

120 3.00 0.13 26.87 26.87 93.78 93.78

170 3.50 0.09 4.08 4.08 97.86 97.86

200 3.75 0.07 1.06 1.06 98.92 98.92

230 4.00 0.06 0.20 0.20 99.12 99.12

SW

North Carolina State Plane

Granularmetric Report

Sorting

1.03

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.83

Kurtosis

14.97

-5.0 NAVD 88

Northing (ft):

Munsell:

0.02

Mean Phi

2.02

Phi 5

3.15

Phi 16

2.82

Phi 25

2.65

Phi 50

2.19

Phi 75

1.70

Phi 84

1.50

100.00 0.86

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  TROUGH COMP

Analysis Date:  02-05-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.08
#230 - 0.88

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.56

Mean mm

0.25

Average wet Munsell Value is 5. Average dry Munsell Value is 7.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.12 0.12 0.12 0.12

4 -2.25 4.76 0.11 0.11 0.23 0.23

5 -2.00 4.00 0.08 0.08 0.31 0.31

7 -1.50 2.83 0.33 0.33 0.64 0.64

10 -1.00 2.00 0.34 0.34 0.98 0.98

14 -0.50 1.41 0.45 0.45 1.43 1.43

18 0.00 1.00 0.85 0.85 2.28 2.28

25 0.50 0.71 2.12 2.12 4.40 4.40

35 1.00 0.50 8.75 8.75 13.15 13.15

45 1.50 0.35 14.42 14.42 27.57 27.57

60 2.00 0.25 23.38 23.38 50.95 50.95

80 2.50 0.18 25.06 25.06 76.01 76.01

120 3.00 0.13 18.83 18.83 94.84 94.84

170 3.50 0.09 2.78 2.78 97.62 97.62

200 3.75 0.07 1.24 1.24 98.86 98.86

230 4.00 0.06 0.11 0.11 98.97 98.97

SP

North Carolina State Plane

Granularmetric Report

Sorting

0.84

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.09

Kurtosis

6.09

-7.0 NAVD 88

Northing (ft):

Munsell:

0.08

Mean Phi

1.88

Phi 5

3.03

Phi 16

2.71

Phi 25

2.48

Phi 50

1.98

Phi 75

1.41

Phi 84

1.10

100.00 0.95

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  BAR CRST COMP

Analysis Date:  02-05-14

Analyzed By:  TM

Depths and elevations based on measured values

Easting (ft):

#200 - 1.14
#230 - 1.03

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.53

Mean mm

0.27

Average wet Munsell Value is 5. Average dry Munsell Value is 6.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.09 0.09 0.09 0.09

5/16" -3.00 8.00 0.00 0.00 0.09 0.09

3.5 -2.50 5.66 0.17 0.17 0.26 0.26

4 -2.25 4.76 0.14 0.14 0.40 0.40

5 -2.00 4.00 0.03 0.03 0.43 0.43

7 -1.50 2.83 0.17 0.17 0.60 0.60

10 -1.00 2.00 0.19 0.19 0.79 0.79

14 -0.50 1.41 0.28 0.28 1.07 1.07

18 0.00 1.00 0.45 0.45 1.52 1.52

25 0.50 0.71 0.96 0.96 2.48 2.48

35 1.00 0.50 4.47 4.47 6.95 6.95

45 1.50 0.35 5.59 5.59 12.54 12.54

60 2.00 0.25 14.59 14.59 27.13 27.13

80 2.50 0.18 20.97 20.97 48.10 48.10

120 3.00 0.13 34.21 34.21 82.31 82.31

170 3.50 0.09 12.15 12.15 94.46 94.46

200 3.75 0.07 4.07 4.07 98.53 98.53

230 4.00 0.06 0.34 0.34 98.87 98.87

SW

North Carolina State Plane

Granularmetric Report

Sorting

0.86

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.77

Kurtosis

9.62

-8.8 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.34

Phi 5

3.53

Phi 16

3.07

Phi 25

2.89

Phi 50

2.53

Phi 75

1.93

Phi 84

1.62

100.00 1.13

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  -8.75 COMPOSITE

Analysis Date:  07-12-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 1.47
#230 - 1.13

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

0.78

Mean mm

0.20

Average wet Munsell Value is 5. Average dry Munsell Value is 6.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.00 0.00 0.00 0.00

3.5 -2.50 5.66 0.00 0.00 0.00 0.00

4 -2.25 4.76 0.02 0.02 0.02 0.02

5 -2.00 4.00 0.00 0.00 0.02 0.02

7 -1.50 2.83 0.05 0.05 0.07 0.07

10 -1.00 2.00 0.04 0.04 0.11 0.11

14 -0.50 1.41 0.07 0.07 0.18 0.18

18 0.00 1.00 0.10 0.10 0.28 0.28

25 0.50 0.71 0.17 0.17 0.45 0.45

35 1.00 0.50 0.95 0.95 1.40 1.40

45 1.50 0.35 1.15 1.15 2.55 2.55

60 2.00 0.25 4.05 4.05 6.60 6.60

80 2.50 0.18 12.42 12.42 19.02 19.02

120 3.00 0.13 36.90 36.90 55.92 55.92

170 3.50 0.09 29.96 29.96 85.88 85.88

200 3.75 0.07 11.48 11.48 97.36 97.36

230 4.00 0.06 0.89 0.89 98.25 98.25

SP

North Carolina State Plane

Granularmetric Report

Sorting

0.6

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-1.64

Kurtosis

9.58

-12.5 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.86

Phi 5

3.70

Phi 16

3.47

Phi 25

3.32

Phi 50

2.92

Phi 75

2.58

Phi 84

2.38

100.00 1.75

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  -12.5 COMPOSITE

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 2.64
#230 - 1.75

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.80

Mean mm

0.14

Average wet Munsell Value is 4. Average dry Munsell Value is 6.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.00 0.00 0.00 0.00

5/16" -3.00 8.00 0.02 0.02 0.02 0.02

3.5 -2.50 5.66 0.01 0.01 0.03 0.03

4 -2.25 4.76 0.04 0.04 0.07 0.07

5 -2.00 4.00 0.04 0.04 0.11 0.11

7 -1.50 2.83 0.09 0.09 0.20 0.20

10 -1.00 2.00 0.08 0.08 0.28 0.28

14 -0.50 1.41 0.12 0.12 0.40 0.40

18 0.00 1.00 0.11 0.11 0.51 0.51

25 0.50 0.71 0.24 0.24 0.75 0.75

35 1.00 0.50 0.83 0.83 1.58 1.58

45 1.50 0.35 1.19 1.19 2.77 2.77

60 2.00 0.25 2.88 2.88 5.65 5.65

80 2.50 0.18 10.96 10.96 16.61 16.61

120 3.00 0.13 29.04 29.04 45.65 45.65

170 3.50 0.09 34.56 34.56 80.21 80.21

200 3.75 0.07 16.03 16.03 96.24 96.24

230 4.00 0.06 0.79 0.79 97.03 97.03

SP

North Carolina State Plane

Granularmetric Report

Sorting

0.65

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-2.41

Kurtosis

15.02

-16.3 NAVD 88

Northing (ft):

Munsell:

0.05

Mean Phi

2.93

Phi 5

3.73

Phi 16

3.56

Phi 25

3.42

Phi 50

3.06

Phi 75

2.64

Phi 84

2.47

100.00 2.92

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  -16.25 COMPOSITE

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 3.76
#230 - 2.97

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.89

Mean mm

0.13

Average wet Munsell Value is 4. Average dry Munsell Value is 6.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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3/4" -4.25 19.03 0.00 0.00 0.00 0.00

5/8" -4.00 16.00 0.00 0.00 0.00 0.00

7/16" -3.50 11.31 0.51 0.51 0.51 0.51

5/16" -3.00 8.00 0.02 0.02 0.53 0.53

3.5 -2.50 5.66 0.17 0.17 0.70 0.70

4 -2.25 4.76 0.04 0.04 0.74 0.74

5 -2.00 4.00 0.09 0.09 0.83 0.83

7 -1.50 2.83 0.22 0.22 1.05 1.05

10 -1.00 2.00 0.24 0.24 1.29 1.29

14 -0.50 1.41 0.27 0.27 1.56 1.56

18 0.00 1.00 0.21 0.21 1.77 1.77

25 0.50 0.71 0.36 0.36 2.13 2.13

35 1.00 0.50 1.16 1.16 3.29 3.29

45 1.50 0.35 1.42 1.42 4.71 4.71

60 2.00 0.25 2.86 2.86 7.57 7.57

80 2.50 0.18 13.32 13.32 20.89 20.89

120 3.00 0.13 27.14 27.14 48.03 48.03

170 3.50 0.09 29.94 29.94 77.97 77.97

200 3.75 0.07 15.82 15.82 93.79 93.79

230 4.00 0.06 1.91 1.91 95.70 95.70

SW-SM

North Carolina State Plane

Granularmetric Report

Sorting

0.92

Sieve Size
(Phi)

Sieve Size
(Millimeters)

Grams
Retained

% Weight
Retained

Cum. Grams
Retained

C. % Weight
Retained

Elevation (ft):

USCS: Comments:

Dry Weight (g):

Sieve Number

Skewness

-3.54

Kurtosis

21.73

-20.0 NAVD 88

Northing (ft):

Munsell:

0.00

Mean Phi

2.83

Phi 5

3.91

Phi 16

3.60

Phi 25

3.45

Phi 50

3.03

Phi 75

2.58

Phi 84

2.32

100.00 4.30

Project Name:  Ocean Isle Beach Terminal Groin

Sample Name:  -20.0 COMPOSITE

Analysis Date:  07-14-13

Analyzed By:  ATP

Depths and elevations based on measured values

Easting (ft):

#200 - 6.21
#230 - 4.30

Organics (%): Carbonates (%):Wash Weight (g): Pan Retained (g): Sieve Loss (%):

Coordinate System:

100.00

Phi 95

1.55

Mean mm

0.14

Average wet Munsell Value is 4. Average dry Munsell Value is 6.

Moment

Statistics

Fines (%): Shell Hash (%):

Shell Hash calculated from visual estimate of shell <4.75mm and >2.8mm.

Coastal Planning & Engineering
A CB&I Company

2481 NW Boca Raton Blvd.
Boca Raton, FL 33431

ph (561) 391-8102
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Coastal Planning & Engineering
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2481 NW Boca Raton Blvd.
Boca Raton, FL 33431
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SW 1.58

Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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y W
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#200 - 0.99
#230 - 0.80 -1.15 6.48 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.45 1.13 Ocean Isle Beach Terminal Groin

02-05-14

TM

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:  Average wet Munsell Value is 5. Average dry Munsell Value is 7.

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 1.08
#230 - 0.88 -2.83 14.97 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.02 1.03 Ocean Isle Beach Terminal Groin

02-05-14

TM

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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TROUGH COMP

Comments:  Average wet Munsell Value is 5. Average dry Munsell Value is 7.

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 1.14
#230 - 1.03 -1.09 6.09 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

1.88 0.84 Ocean Isle Beach Terminal Groin

02-05-14

TM

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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Comments:  Average wet Munsell Value is 5. Average dry Munsell Value is 6.

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 1.47
#230 - 1.13 -1.77 9.62 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.34 0.86 Ocean Isle Beach Terminal Groin

07-12-13

ATP

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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-8.75 COMPOSITE

Comments:  Average wet Munsell Value is 5. Average dry Munsell Value is 6.

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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ph (561) 391-8102



0

10

20

30

40

50

60

70

80

90

100

0.00150.0150.1515105100

-3

5/16

-1.5

7

P
er

ce
nt

 C
oa

rs
er

 B
y 

W
ei

gh
t

10

20

30

40

50

60

70

80

90

100

0

SP 2.92

Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 2.64
#230 - 1.75 -1.64 9.58 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.86 0.6 Ocean Isle Beach Terminal Groin

07-14-13

ATP

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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-12.5 COMPOSITE

Comments:  Average wet Munsell Value is 4. Average dry Munsell Value is 6.

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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Boca Raton, FL 33431

ph (561) 391-8102
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SP 3.06

Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F

iner B
y W

eight

#200 - 3.76
#230 - 2.97 -2.41 15.02 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.93 0.65 Ocean Isle Beach Terminal Groin

07-14-13

ATP

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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-16.25 COMPOSITE

Comments:  Average wet Munsell Value is 4. Average dry Munsell Value is 6.

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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SW-SM 3.03

Sample Sample Information

Gravel
Silt and Clay

Sand

Coarse Fine Coarse Medium Fine

P
ercent F
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y W

eight

#200 - 6.21
#230 - 4.30 -3.54 21.73 Project Name:

Analysis Date:

Analyzed By:

Easting (X, ft):

Northing (Y, ft):

Horizontal System:

Vertical System:

2.83 0.92 Ocean Isle Beach Terminal Groin

07-14-13

ATP

NAD 1983

NAVD 88

PHI Sieve Sizes

Standard Sieve Sizes
Hydrometer

Millimeters
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-20.0 COMPOSITE

Comments:  Average wet Munsell Value is 4. Average dry Munsell Value is 6.

USCS % Fines % Organics % Carbonates Median Mean Skew Kurt Sort
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APPENDIX 7
1994 USACE VIBRACORE LOGS



...\OI-9-94 to OI-20-94.DGN  4/26/2006 11:20:45 AM

-No 01-9-94 
DRl.LING LOG nuTH 

•rM.LA1111 I:'" 1 ATLANTIC WILIIINGTON DISTRICT 1 ....... 

Oc~:SLE G. liZ< ..., , ... 01 •o " VIBRACDRE TUBE 120'1 
IL OAI'.~ f'CIR ILIYAI'IDII ..,...., • _, 

2.LOCA1111~ ...... IIW 
12. IIMIU' IICr....-s IIIE1IIIIIA'IOII ar OIIU. 

iid'r(r" &fr'il'ICT 
VIBRA·CDRE ISNELLI 
U. 101111. liD. ar OW:R• .... ,...., uosr...:D 

4.=,.~---..... - 01·9·94 
.,...,,..u:sr•• 3 0 

M. TOUL ....at COllE 8CNIU 

l:'l;'v cwr~ll'ER • JAMES Wl.LIAIIS 1!. D.!YA1111 GIUIIIJ WATDI 

I. IIREC1111 ar tG.E II. OAI'I! IICU :'11,.~:·,!14 ~,;4 
llD _.. .... [J -- II:G. '11011 VER'I. I 41 

17. D.I!YA101 TGP ar ICLI! 
7. 1ICICICSS 01 ~· N/A & 10TIL CORE II:C:OW:RY r011 IIOIIIilll/ A • I. DEPTH IR.LED M10 MICIC o.o· .,. t""""" ;E ~~'"' I. 10UL DEPTH ar 111.1: 3.1' ARRY N t1 

Q.MWICA101 01 M11!M.S .... _ .. ·-D.!YA1111 n.PIH L!D<ID ....... -· -.:z:::r:.:r - ... ..:":-. • • • • 
: . - SP-Groy. coarse poorly graded . -- ~ : • • sand. trace of shell NOTE: . . . fragments VIBRA-CORE START TIME 07410 ~ -: -. TOTAL TIME: 6 MIN. ~ . . . With she I I fragments 

2 : ~ 
CL-Groy. sandy leon cloy. NOTE: ~ :-: trace of she I I fragments 2 YIBRA-CORE TUBE CLASSIFIED ~ and with rock fragments : ~ ISonclstoneJ BY LARRY BENJAMIN ON 

~ - 8/27/94 
3. ~ 

BOTTOM OF HOLE II 3.1' ~ : 
-: SOILS ARE FELD VISUALLY 

~ CLASSFIED IN ACCORDANCE 

: WITH THE I.NFED SOL r-
..: CLASSIF'ICATION SYSTEM ~ : 

~ : 
~ -: 
~ : 

..: ~ : ~ : ~ -: ~ : ~ ..: 
~ :: : ~ 

-: ~ 
: ~ ..: ~ : ~ : 

~ -: r-: 
~ ..: 

: ~ 
: ~ 

-: ~ : 
~ ..: r-: 
~ : 

-: ~ : r-
..: ~ : 

~ : 
~ -: 
~ :: ..: ~ 

: ~ 
: r-

ENG FQRII11131 ........ ED- "" _.,,, r-"cr r"-' ... 



...\OI-9-94 to OI-20-94.DGN  4/26/2006 11:22:14 AM

SP-Lioht oroy. ecorse poorly 
oroded sand, trace of shell 
froomants 

leon cloy. 
trace of she I 1 froomants 

BOTTOM OF HOLE II 7.5' 
SOLS ARE F'ELO VISUALLY 
CLASSIF'EO IN ACCORDANCE 
WITH THE I.IIIFIEO SOIL 

CLASSIF'ICATION SYSTEU 

ENG FORIIIIBJI ..,._ ...,_ ME -. ... -" 

START TUE. 1222 

Tiro£; 8 UIN. 



...\OI-9-94 to OI-20-94.DGN  4/26/2006 11:23:34 AM

Q....,ICA10. 01' IIA11!M.I -

BOTTOM OF HOLE II 5.3" 
SOILS ARE F'ELD VISUALLY 
Q.ASSIF'IED IN ACCORDANCE 
WITH THE UNFIED SOIL 

CLASSFICATION SYSTEM 

ENG FQRII18311 ,..,..... ..,.._ME _,,.. 

-" 



...\OI-9-94 to OI-20-94.DGN  4/26/2006 11:25:19 AM

fat cloy. trace 
of shel 1 with siltstone 
frooments 

BOTTOM OF HOLE II 2.5" 
SOILS ARE FIELD VISUALLY 
CLASSIFIED IN ACCORDANCE 
WITH Tt£ UNFED SOIL 

CLASSFICATION SYSTEM 

ENG FQRIIIBl& -,,.._ME OIIOLEJE. -" 

START TUE 1255 
8 MIN. 

IVIBRI•-CIORE TUBE CLASS IF lED 
BENJAMIN ON 



...\OI-9-94 to OI-20-94.DGN  4/26/2006 11:27:07 AM

trace of she I I 

CL-Groy. sandy lean cloy. 
trace of rOCk frogments 

BOTTOM OF HOLE D 4.4' 
SOILS ARE FIELD VISUALLY 
CLASSIFIED IN ACCORDANCE 
WITH Tl-£ UNIFIED SOIL 
CLASSIFICATION SYSTEM 

ENG FORU11136 - ,,.... ME _.,,. 
_, 

START TIME 1102 
8 MIN. 



...\OI-9-94 to OI-20-94.DGN  4/26/2006 11:27:55 AM

-No 01·14·94 

DRl.LIIG LOG r-s"'ouTH ATLANTIC 
•rii.WIOII IIICI!T 1 

Wl.IINGTON DISTRICT L.. 1 ~ _., • 
L PROIECT 
OCEAN ISLE 
>. LIICAlfl"-0"
N Jl' 50" 41"" E "18 
J. IIM.LIIG IIGEIIC't 
IIOBILE DISTRICT 
4.10.1! IG.tar ......... ..,,...__., 

7. TICICICIS rJ/1 ~~~ 

I. OEPTII DIIU.ED lidO IIOCIC 
I. TOUL DEPTH 01 HCU 

IELEYATOt ~IPTH LIECIENO 

0 llo • 

N/A 
o.o· 
11.7" 

26"24"" 

.,_ Nl "" ,.,.. <6 "'15 "" VIBRACORE TUBE 120"1 
n. DATUII f'OR IELE:YATOt ..,_.. • _, 

VIBRA·CORE ISNELLI 

01-14·94 
U. :=;. ~owr-. •DST.-:o5 
14. TOr.tL ...... CORE BOllES N/ A 

& DATE: HCU 
D£C.nDI W:IT. 

:sr.MTED 
·8/24/94 

17'. IELEYATOt TOP 01 IG.E 

0 

...... -=:... ... .......... ,......., 
- .. 
: ... - .. SP-Ton, coarse, poor I y O'"Odecl 

sand with Shell fraoments 

• 

-:: ~~--.. ~··· ·~ ··~ 
2-= 

1 NOTE: 
~=~~VIBRA-CCRE START TUoE 1032 :-

2 TOTAL Tlr.E: 8 MIN. 

: 
~ ~ Soft and saturated 

4~~ : . 

=:.. 6 : ... ,..,. 

-::::V~~ /- CL-Gray. sanely lean clay. 
~ ~ trace of rock fragments 

(Sandstone) 

8~~ 
~~ 10~~ 
~~ 
:~ 

1':F ~-: 

: 
...: 
: 
: 

-: 
: 

...: 
: 
: 

-: 
: 

...: 
: 
: 

-: 
: 

...: 
: . 

BOTTOM OF HOLE D 11. 7" 
SOLS ARE FIELD VISUALLY 
CLASSIFED N ACCORDMICE 
WITH THE li\IFIED SOL 
CLASSIF'ICATION SYSTEM 

ENG FQRII18J6 ,.....,. ,,.,_ "" ....._.,.. 

-" 

I--I 
NOTE: _ 

YIBRA-CORE TUBE CLASSIFIED 
BY LARRY BENJAMIN ON 

1----18/27/9-4 r-
3 

r-
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r-

4 -

-

...... 
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-

-

-

...... 

r-

r-

r-
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...\OI-9-94 to OI-20-94.DGN  4/26/2006 11:28:52 AM

- No 01-15·94 
ORl.LING LOC l,uTH ATLANTIC 

.. TM.LATION 1:'£1 1 WILMINGTON DISTRICT 1 ..... , • 
\. PIIO.IECT .,_ IIZT:- '""""' •u " VIBRACORE TUBE 120'1 
OCEAN ISLE II. DATIAI FaR ELEVATION ..,...., • _, 

0. LCICA,.-0' ~ MLW 
N J 50'16" E 8 26'13" 

'";l;ru:~;rs ...,....,~:Lr"'' I. rJIIa.LIIG NZNCY VIRA· I l 
MOBILE DISTRICT 11. TOT M. NO. Of' OV£R· :•1.-:0

2 
:IIGST'!'D 

4, HilL£ ND.u. ........... IIIIII!NSMFLESTMDI ..,,.......,J 01-15-94 
a. ... 01' --~r.rt 

M. 101111. IIUIIER COllE IOIES N/ A 

JERRY FUL HER 8o JAMES WILLIAMS ll. ELEVATION CICIUCI WATER 

I. IMIECTIOII Of' HOLE W. DATE IG.I!: :STMTED ·CCIIFLETED 

llD ......... CJ -·· 
DEG. FRCII VERT. ·8125/94 :8t25t94 

17. I!LI!YATICIN TOP 01' tCILI! 
7. TNCICNESS Of' CM:IIB.IIU:N N/A & TOT IlL CGIIE IIIECOVIRY FOR IDRifl/ A • & DEPTH -.LEO 11110 ROCIC o.o· 

·-~TUIE;E~CTC"' t. TOTM. DEPTH 01' tCILI! 2.8' ARRY N AMIN 

Q.MISf'ICATIOII Clf' IMTEIULS • CliO£ ...... ·-ELEVATION ('{TH ....... ....... -· ~~==r - £RT .~. • • • • 
: . . 

SP-Light tan. coarse poorly . -. 
: • • graded sand. Trace of NOTE: - . . she 1 1 fragments 1 VIBRA-CORE START TIME 0803 --: • • TOTAL TIL£: 7 MIN. 
: -. -. . NOTE: 

2 - . -. VIBRA-CDRE TUBE CLASSIFIED -
: ~ 

CL-Groy. sandy lean cloy. BY LARRY BENJAMIN ON trace of shell and rock 
8/27/9-4 

2 -~ 
fragments Csondstonel 2 

-
: BOTTOM OF HOLE II 2.8' 

: SOILS ARE FIELD VISUALLY 

-: CLASSIFIED IN ACCORDANCE -
WITH THE UNFIED SOL 

: CLASSIFICATION SYSTEM 

..: -
: 
: 

-: -
: 

..: -
: 
: 

-: -
: 

..: -
: 
: 

-: -
: 

..: -
: 
: 

-: -
: 

..: -
: 
: 

-: -
: 

..: -
: 
: 

-: -
: 

..: -
: 
: 

-: -
: 

..: -
: 
: 

ENG FORU1836 PREVIOUS EDTIOIIS & OSSCILE JE, -..<CT 1 ........ 
-----



...\OI-9-94 to OI-20-94.DGN  4/26/2006 11:29:47 AM

CLMSif'ICATIDII OF IIA11M.S -
SP-Ton. coarse. poorly graded 

trace of rock and shell 
froOTJBnts 

CL-Groy. sandy leon cloy. 
trace of she I 1 and rOCk 
fragments C Sandstone) 

BOTTOM OF HOLE Cl 3.5" 
SOLS IRE FELD VISUALLY 
CLASSIFED IN ACCORDANCE 
WITH THE LNFIED SOIL 
CLASSIFICATION SYSTEM 

ENG FORIIIIJI ,._"""""""'" ......,,.. 

-" 

START TIME 133-4 
8 MIN. 

TUBE CLASS IF lED 
BENJAMIN ON 



...\OI-9-94 to OI-20-94.DGN  4/26/2006 11:30:47 AM

coarse poorly Qroded 
sand. trace of rock ond 
shell froQrrents. CLI•••I!stc,ej 

CL-Groy. sandy leon cloy. 
trace of rock ond shell 
froQments CSondstonel 

BOTTOM OF HOLE II 8.0" 
SOLS ARE FIELD VISUALLY 
CLASSIFIED IN ACCORDANCE 
WITH THE UNIFIED SOIL 

CLASSIFICATION SYSTEM 

ENG FORIII836 ..,..,.... ...,_ ME OISOLET<. 
-n 

START THE. 0920 
TIME: 6 MIN. 

TUBE CLASSIFIED 
BENJAMIN ON 



...\OI-9-94 to OI-20-94.DGN  4/26/2006 11:31:39 AM

. . . . . ... 

Q.MWICA.::.:..IIA1EIM.I 

coarse. poorly Qroded 
trace of she I I 

SM-Gray. fine silty sand wtth 
she I 1 and rock frooments 
(LimastcneJ 

CL-Gray. sandy leon cloy 
trace of rOCk froomants 
(Sandstone) 

BOTTOM OF HOLE II 7.7' 
SOLS ARE FIELD VISUALLY 
CLASSFIED IN ACCORDANCE 
WITH THE UNIFIED SOL 

CLASSIFICATION SYSTEM 

ENG FOAU1131 PRIVIDUI 1111110d- 0810Lin:. 

-" 



...\OI-9-94 to OI-20-94.DGN  4/26/2006 11:32:36 AM

Gray, fine to medium 
poorly O"'Oded silty sand. 
trace of she 1 1 

CL- Gray. sandy lean cloy 
trace of she I 1 fragments 

BOTTOM OF HOLE II 3.6" 
SOILS ARE FIELD VISUALLY 
CLASSIFIED 1\1 ACCORDANCE 
WITH THE UNIF'IED SOIL 
CLASSIF'ICATION SYSTEM 

ENG FORM'ell PMVIDUI 1:11rae ME ..u:rE. 
-71 

START TUE. 09-49 
7 MIN. 

... 



...\OI-21-94 to OI-33-94.DGN  4/26/2006 11:34:47 AM

- No 01-21-94 
DRil.LIIG LOG !souTH ATLANTIC 

-11LLAI'IDII ... ~., 
WILMINGTON ~T .. 1 ·-.. ·- II. SZE ..., TYPE ar •15" V ORE T it 120'1 

OCEAN ISLE 1L DAI'W FCII EU:VAI'IDII ..,_.. II' a1 
I. LOCA101.,.._fi'Siillltlll IILW 
N J::fl 51' 25" E ~8 25'25" o. IIMUf'.C11.MR'S .... , ... 01' DIIU. 
J. DIIU.IC MZNCY VIBRA·CORE ISNELLl 
IIOBILE DISTRICT u. rou1. MD. ar ow:•- :11111-0 ,.asr.-o 
4. ='-~:--- ...... - :01-21-94 

...._..,,..u:sr•• 3 0 

I. - Of' DILLE• 
M. 1DUL ...at CCIE BDIEI N/A 

JERRY FU..CHER • JAIIES Wl.LIAIIS '6. EU:VA1DI GIIIUII WAI'at 

1. IRCI'IDII ar tG.E W. DATE IDE :srMI'I!o -..liD 
llJ VOITICM. [J IICIMD DI!G. ,... .., • ·8/25/94 :8t25t94 

17. D.!YA11111 TCP 01' IDE 
7. 1ICIIIIESS 01 OVIIIIUID!N N/A W. 101111. COllE •COVEIIY FCII ICMIIGN/ A • 
& Q!P'IH DILLUI •ro IIOOC 0.0' .. .alAn. ar IIIPEC1CII 
S. 10UL OEPTH or ICLI! . 5.1' LARRY BE NJAIIIN 

CUIIII'ICA11111 ar MATDIILI ...... .,. ... ·-I!U:YA101 ....... ......... .. ...,. 
1.3: -::z.::---., 

(\, - ... ...,_ 
0 0 0 0 . - . . SP-SU, Gray, fine to medium 

: . poorly graded silty sand, 1 NOTE' . . - . trace of shell fragments VIBRA·CORE START TNE: 1420 -
: . . TOT Pl. TIME: 8 MN. . NOTE' 

2 - . . VIBRA·CORE Tl.&: CLASSFIED -
: 

~ 
CL-Groy, sandy leon cloy, BY LARRY BENJAMIN ON 

- trace of shell and rock 2 
8127/9-i-

-: fragments (Sandstone) -
-~ 4-= -
: ~ 

3 
5 • .-

• I~ 
BOTTOM OF HOLE Cl 5.1' 

...: SOLS ARE F'ELD VISUALLY -- CLASSIF'ED N ACCORDANCE 
WITH THE I..WFIED SOIL 

: CLASSIF'ICATION SYSTEM - -
: 

...: -
: 

...: --
: - -
: 

...: -: 

...: --
: - -
: 

...: -
: 

...: --
: - -
: 

-: -
-

...: --
: - -
: 

ENG FORII18JI ... ,... EIII'IICIII - CBICI.E1E. -· r"' .... 



...\OI-21-94 to OI-33-94.DGN  4/26/2006 11:35:38 AM

- No 01-22-94 
ORl.LIIG LOC ~~UTH ATLANTC 

IISTN.LATIDN 1:'"'1 WILMIIIGTON DISTRICT 1 ~ !IH££TS 

1. PRO.IECT "· SIZE ""' '""" "' •15" VIBRACORE TUBE 120'1 
OCEAN ISLE 1L DATUM ,OR £1.£VATIDN SHDIIII'8I • 81 

2.LOCATOI ........ .,~ MLW 
N JiJ 51' 01" E 8 25'13" 12. IIUIU'CTRR'S I:I:SIGNATIOII f6' DRLL 
1 DRLLING AGENCY VIBRA·CORE !SNELL I 
MOBILE DISTRICT 11 TOTN. 110. OF OVIR· :-'..-:f :wosTr-D &.HCUND.U. ........... 

:o1-22-94 
IL8XN SMIPLES THN ..,,......,.J 

~ NAME ar DRILLER 
M. TOT II. .... CCIII! aoxa N/ A 

JERRY FULCHER a. JAMES WILLIAMS e. ELEVATOI GRO.I\IO WATER 

I. DIECTIOII f6 HOLE W. DATE HDLE :STMTED 
:<m-1134 

CD .. .,...._ CJ -- OEG. r11101 W:RT, ·8/24/94 
17'. ELEYATOI TCP 01 IG.£ 

7, TICICIESS OF OVE.......:N N/A & TOTN. CORE IIIECCM:IIIY rQR IOIIICN/ A • & Q!PTH DRLLEO liTO IIOCIC o.o· .. .aNATI.IIE ar IIP!CTQR 
I. TOT M. DEPTH 01 HOLE 3.8' LARRY BENJAMIN 

CL..-.c:ATIQN 01 MATEIIM.S 
..... _ ... .._ 

EU:VATIQN OEPTM LEGEND RICO¥· 

~· 
-.::z.::-__ ., 

n. - ... ...,_ 
• • • • 

: . SP-SM, Light gray, fine to ~ . -
: • medium poorly graded 

~I NOTE• ~ - . silty sand trace of shell 
VIBRA·CORE START Tt.£= 1448 -: 

~ 
froaments ~ : ~H-DorK gray, sandy fat cloy L TOTAL TIW£: 8 MN. 

~ f•nc~ nf ··h~ll NOTE• 
2-= CL -Gray, sandy leon cloy VIBRA·CORE TI.SE CLASSIFIED ~ : trace of rock fragments 3 BY LARRY BENJAMIN ON ~ : (Sandstone) 8/27/94 

~ -~ r-

3.!i_ 
BOTTOM OF HOLE Ill 3.8' ~ : 

SOLS ARE FIELD VISUALLY ~ : CLASSIFIED IN ACCORDANCE ~ -: WITH THE UNIFIED SOIL 
~ : CLASSIFICATION SYSTEM 

~ ...: 
~ : 
~ : 
~ -
~ 

-: ~ 
: ~ 

...: ~ : ~ : ~ -: ~ : ~ ...: ~ 

-: ~ 
: ~ 

...: ~ : ~ : ~ 
-: ~ : ~ ...: ~ 

-: ~ 
: ~ 

...: ~ : ~ : ~ 
-: ~ : ~ ...: ~ 

[NG FORIUB.3& IPAhftll. !DitiONI. .._ ORICIL..I!U. PRO.£CT r""' ... 



...\OI-21-94 to OI-33-94.DGN  4/26/2006 11:36:40 AM

coarse, poorly graded 

groy, sandy leon 
cloy, trace of shell ond 
rock fragments 
(Sandstone) 

BOTTOM OF HOLE II 8.0" 
SOILS ARE FIELD VISUALLY 
CLASSIFIED IN ACCORDANCE 
WITH THE UNIFIED SOIL 

CLASSIFICATION SYSTEM 

ENG FORU1836 .................. CIID£T£. 

IV113R,,·CClRE TUBE CLASSIFIED 
BENJAMN ON 



...\OI-21-94 to OI-33-94.DGN  4/26/2006 11:38:00 AM

SP-SM, Gray, fine to medium 
poorly graded silty sand 
with shell fragments 

SM-Gray, fine silty sand, with 
shell fragments and trace 
of rock fragments 
CSandstone) 

BOTTOM OF HOLE a 4.7' 
SOILS ARE FIELD VISUALLY 
CLASSIFIED til ACCORDANCE 
WITH Tt£ I.IIIIFIED SOIL 
CLASSIFICATION SYSTEM 

ENG FORU18JI5 PRE-.s ,,.._ "" ....._.,, _ _ , 

I VU3Ril-CIDRE TUBE CLASSIFIED 
BENJAMIN ON 

_j 



...\OI-21-94 to OI-33-94.DGN  4/26/2006 11:39:12 AM

- No 01-26-94 . 
ORl.LIIC LOG nuTH 

.. TM.LATDI 
l:"'t' t ATLANTIC Wl.MtNGTON OtSTRtCT t ........ 

L PIIO.IECT II. liZ! - TYPE cw •15" VEIRACORE TlJ!E 120') 
OCEAN ISLE 11. DATLII rQR IELEYATIQII ...... W MSU 

2. LDCATIDII~• ~ MLW 
N JiJ 50' 45" E B 24'26" 12. IIMU'.CT\RER'S DESIIINATIIDN GF' OIIII.L 
3. IIRLLIC IG!IICY VIBRA·CORE !SNELL) 
MOBILE DISTRICT 

Q. TOTAL NO. GF' OVER· •IJISTI.Ia:D ...... ,....., 
4. tCILE ND.U. .-• ...... - ............... , •. : 3 : 0 

.IIIJ ..... I :ol-26·94 
M. TOT II. 1U11ER CORE IDlES N/ A .. -.. ~·· a. JAMES WILLIAMS ll. D.IEVATIDN G10UG WATER JERRY FUL HER 

I. a.:CTIDN or tCILE ._DATE HDI.£ :STMIT£0 •CQIFUTED 
·B/25/94 :a/25/94 

lXI ......... CJ -- KG.P'IIQIIYDI1. 
IJ. D.IEYATIDN TOP 011 IG.E 

7. TIICICNEIS or DVEIBIBII!:II N/A & TOTM. CORE RECOVERY F'QR IOIIICN/ A • & DEPTH OIIII.LED •TO IIOCIC o.o· a IIGIIATI.R! 01 IIIP!CTGR 
I. TOT M. DEPTH Of' tCILE 2.5' LARRY BENJAMIN ...... 

~ 
.. _ 

ELEVATION ""''" LEGEND G.AISI'ICATDI 01 IIIAT!M.S ·-· -=.::---· n. - ... ... ,_ 
• • • • 

: • SP-SM, Gray, fine to medium NOTE• .. 
: • poorly graded silty sand 1 VIBRA·CORE START TIME: 1807 

~ . . TOTAL TIME: 6 MIN. - . 
NOTE• F -~ 

CL-Gray, sandy leon clay VIBRA·CORE TUBE CLASSifiED F 2-= with rock fragments BY LARRY BENJAMIII ON 
~ ~: ~ <Sandstone) 8127/94 

2 ...... 
...: BOTTOM OF HOLE II 2.5' r-
: SOILS ARE fiELD VISUALLY : : CLASSifiED IN ACCORONIICE 

:.... WITH THE UNIFIED SOIL -: CLASSifiCATION SYSTEM : : : ...: -
: 
: 

~ -: 
: F 

...: ~ : ~ 
: 1-

-: r-
: 1-

...: :.... 
: : 
: : 

-: :-
: 

...: 
~ : F : 
~ -: F : F ...: r-

: 
: 1-

-: :-
: : 

...: :.... 
: -
: 

-: :-
: F ...: ~ 
: F : ~ -: r-
: F ...: :-: : : 

ENG FORU1836 ...-.. <lOT- ""' -u<. -... .. I"""' ... 



...\OI-21-94 to OI-33-94.DGN  4/26/2006 11:40:25 AM

- No 01-27-94 
ORl.LIIC LOC r'TouTH ATLANTIC 

.. TM.LATD\1 I:"ET 1 WILMIIIGTON DISTRICT 1 -...... 
L PIID.I!CT D • .,. - IYP< cw 815"" VIBRACORE TUBE 120") 

OCEAN ISLE 1L DAT\11 FOR IEU:YATOI ..,.... • al 
2. LOCATION.....-.~ MLW 
N J:jJ 51" 45"" E 8 24"13"" 12. MMU'M:TI.RER"S DEIIGIIATIQII f6 IIILL 
J. IIILLIG MZIICY VEIRA·CORE !SNELL) 
MOBILE DISTRICT 15. TOUL NO. OF' OW:R· ·DSTI.RED •I.IDST\.1&:0 
4. :r:,.. ND.,,... ...... -

01-27-94 
._....NSMFLIES T*DI : 4 . 0 

.. -.. -~.,. M. TOUL IU&:IIt CORE aa.:S N/ A 

JERRY FUL HER lo JAMES WILLIAMS a. ELEVATION CROI.IG WATER 

I. DIIECTUt or MDLE W. DATE HCu: :srMrm :m~?'B4 llD ......... CJ IICLIIED D!G. , .... W:ltT. ·8/25/94 
17'. ELEVATION TC. 01 IG.E 

7. TNCICN!IS ar OVEIBIIJEII N/A & TOTM. CGRE MCOW:RY rat IORICN/ A • L DEPTH IIILU:D •10 IIOOt o.o· .. SIGIIATI.R! ar IIP!CTOR 
I. TOTN. DEPTH 01 HOLE 5.8" LARRY BENJAMIN 

Q.MWICATDI or IIATEIULI 
..... _ .. ·-EU:YATIDN ..... ....... IIECOV· 

~ -::z::---· (), - - "';'-• • • • 
: 
. . 

SP-Light gray, medium to . . . 1 
: • • coarse poorly graded NOTE• . . . sand, trace of shell --: . . fragments 

VIBRA·CORE START TIME=1103 

- . . . TOTAL TIME: 6 MIN. 

2_: 
• SP-SM, Light groy, fine to NOTE• . . 

VIBRA·CORE TUBE CLASSifiED -• medium poorly graded : . . silty sand with shell BY LARRY BENJAMIN ON 

: . fragments 2 
B/27/94 . . 

-: . -
: . . • 3 4_: . . -• : . . 
: . 

4 . . --: . 
0: 

. . . 
5 ...... -

: BOTTOM OF HOLE a 5.8' 
: SOILS ARE fiELD VISUALLY 

CLASSIFED IN ACCORDANCE --: WITH THE UNIF'IED SOIL 

: CLASSIF'ICATION SYSTEM 

_: -
: 
: 

-: -
: 

_: -
: 
: 

-: -
: 

_: -
: 
: 

-: -
: 

_: -
: 
: 

-: -
: 

_: -
: 
: 

-: -
: 

_: -
: 
: 

-: -
: -

ENG FORII1836 ... _,. <II,_ M< -<t<. -..:c• 1 ........ 



...\OI-21-94 to OI-33-94.DGN  4/26/2006 11:41:28 AM

- No 01-28-94 
ORl.LING LOG r'TouTH ATLANTIC 

.. TM.LATOI 1:'" 1 WILMINGTON DISTRICT 1 ....... 
\ PIIO.IECT u SIZE - rYPE II' 815" V1BRACORE TUBE 120') 

OCEAN ISLE 11. DATLII Felt ELEVATION IHOIIll'.- • al 
2. LOCATOI GIIJNIIIIIIf • ..... lotLW 
N JSJ 51' 20" E ~8 24'02" 12 ...... ICT\R!II'S D!SIIINATIOII" DRLL 
.S. DRLLING AGENCY VIBRA·CORE <SNELL) 
MOBILE DISTRICT U. TOT M. NO. Of' OV£1· :011'..-l -·cr-4, HilL£ NO. tAt ........... -

:ol-28-94 
lllfti!NSMFLESTMCEII .. ,.. ...... , 

I. NMIE 01' .._LDI 
14. 101111. IUa:R CORE IOXES N/ A 

JERRY FULCHER • JAMES WILLIAMS a, EU:YATOI GIU.JrD WATER 

I. ...:CTIOII OF IG.E •• DATE IICI.! :STMTED •CCJIR.ET£0 

ll[JV£Rr ..... CJICL ... D DEC. FIIDI VERT. ·B/24/94 :at24t94 
17. ELEYATOI TOP Of' MCILE 

7. TICIUCSS Clf' OVD8.IIOEN N/A W. TOTM. CORE IIECOW:IIY FCII BCIWCN/ A • I. DEPTH ORI.LED •TO IIIOCK o.o· 
··~""";e"":•''"' t. TOT M. DEPTH OF IG.IE . 10.8' ARRY N AMIN 

Q.--ICA.:.:-..:-IIATDULS 
...... ...... ·-D.!VATIDN ..... ........ OECOV• 

1.~ -=.::---" n. ... ..._,_ 
• • • • . . 

: . . . SP-Light gray, coarse poorly 

: . . graded sand, trace of 1 NOTE• . . . shell fragments VIBRA·CORE START TIME: 1556 --: . . . . . TOT AI.. TIME: 8 MIN. : . . NOTE• 
2 - . . . VIBRA·CORE TUBE CLASSIF'IEO -

~ 
CL-Gray, sandy lean clay, 2 BY LARRY BENJAMIN ON 

trace of shell and rock 8/27194 

- fragments <Sandstone) -
: 

4-= ~ -
: 3 
: 

~ --: 
: 

6...: -
: 

~ : 
--

4 

8-~ -
: 

--: ~ -
1~ -1 -~ 5 .; 

10 .... -
: BOTTOM OF HOLE G 10.8' 

: SOILS ARE F'IELO VISUALLY 
CLASSIFIED IN ACCORONIICE --: WITH THE UNIFIED SOIL 

CLASSIFICATION SYSTEM 

- -
: 

-: -
: 

...: -
: 
: 

-: -
: 

...: --

- -

...: -
: 
: 

ENG FORU18JII ..,....,. .,.._"'" """""''"· 
-..ocr I'""' Ill. 



...\OI-21-94 to OI-33-94.DGN  4/26/2006 11:42:40 AM

- No 01-30-94 . 
DRl.LIIG LOG r'TouTH 

ltST ALATION I:'E' 1 ATLANTIC WILMINGTON DISTRICT 1 -...... 
I. PRO.IECT 10. - - ''"' '"' •u·· VIBRACORE TUBE 120'1 

OCEAN ISLE 11. DATI.II Felt ELEVATION SHDIIR"ar • _, 
I. LOCATION .......... ~ MLW 
N 33J 51' 49"" E B 23" so·· 12. IIMU'ICT\II!R'S O!SIGIMTGI or -.L 
l. DILLIC MENCY VIBRA·CORE ISNELLI 
MOBILE DISTRICT IS. TOr.tL NO. Of' OV£R• .• ,.-a .......... 
....... £ --............... :01·30·94 

IUIDEN SMR.ES TMEN : 3 : 0 ..,,.,...,, 
I. .... Of' ORI.L£1 

M. TDTM. ..... CDRI: BOXES N/ A 

JERRY FULCHER • JAMES Wl.LIAMS II. ELEVATION GROI.IG WATER 

I. .-CTIQN or IG.IE .. DATE 1101.£ :STMT!D "COIFLI!TIED 

lli]VER"""-CJICI.OIED DEG. FIIOII YERT. ·8/25/94 :8/25/94 
17. ELEVATICIN Tell CIF' HDLE 

7. TICICNESS ar OVIIII.IIXII N/A e. TOT II. caRE RECOVIRY FOR IORICN/ A • 8. DEPTH DM.U:D INTO ROCK o.o· 
& ...,., ... ';E;"""crc• 

I. TOr.tL DEPTH Cl' HilL£ . 8.5' LARRY NJAMIN 

Q.MSPICATIQN or IMT!IUI.S • CllRE 
_ ... ...... 

I!LIEVATIQN -·· LI!G!ND "\W· ~~· -==----· n. - "";r-• • • • 
: 
. . 

SP-Groy, coarse poorly . . . 
: . . graded sand, trace of 

1 NOTE• . . . shell fragments ~ -: . . VIBRA·CORE START TNE: 1124 . . . TOTAL TIME= 4 MIN. ~ • ~P-SM, Gray, fine to medium NOTE• ~ 2-= . . VIBRA·CORE TUBE CLASSifiED . poorly graded silty sand, ~ : • • trace of shell fragments BY LARRY BENJAMIN ON 

~ : . 8/27/94 
• • ~ -: . 

: . . ~ • r-
4-= . . r-. 

: • • 2 
: . . . ~ -: . 
: . . ~ . 

~ 6....: . . . ~ : • • ~ : . . . 
~ -: • 3 . . With shell fragments ~ : . r-

g..: . . r-. 
r:;_~ • • 8.--: 

BOTTOM OF HOLE Ill 8.5' ~ -: SOILS ARE FIELD VISUALLY ~ : CLASSIFIED Ill ACCORDNIICE 

~ ....: WITH THE UNIFIED SOIL 

: CLASSFICATION SYSTEM ~ 
: ~ 

-: ~ 
: ~ 

....: ~ r-
: 
: 

~ -: 
: ~ 

....: ~ 
: ~ 
: ~ -: ~ : ~ ....: ~ 
: 
: 

~ -: 
: ~ 

....: ~ 
: ~ 
: ~ -: ~ : ~ -

ENG FORII1831 PREVOIS .................... -..cr 1 ......... 



...\OI-21-94 to OI-33-94.DGN  4/26/2006 11:44:40 AM

IR.LIIG LOG I""'TouTH ATLANTIC 
I. PROJECT 

OCEAN ISLE 
2. LOCAT!GN~fiSIIIIW 
N Jjl 51" 30"" E "78 23" 26"" 

4
" :=tJ..NO.':',.... ...... :()1-31-94 

.. -"'-~ ... JERRY FULCHER • JAMES WILLIAMS 

- No. 01·31·94 
IISTM.LATIDN 19CET 1 

WILMINGTON DISTRICT kF 1 ~ '"""" 
II. SIZE""' TYPE ar au•• VIBRACORE Tl.EIE 120"1 
1l DATUY 'OR D.E:VATOI ..,...., fl Mal 

ui.w 
12. MMII'CT..:R'S DESOlATION Of' ORLL 

VIBRA·CORE !SNELL! 
U. TDTM. liD. OF DV!I• "IIIITW.D •I.JIISr.-o 

...:lEN SMFLES TIIICOI • 4 • Q 

M. tor,.. M.la:R CORE -.:s N/ A 
e. D.IEYATIDN CROLIG WATER 

W. DATE IG.E 
DEG.'RGII VERT. 

:~'!'-~·--' ·a/~41lo4 

J. TICICNESS Of' OVDB.IROEN N/ A 
8. DEPTH 1111.1.1!0 .TO IIOCIC 0.0' 
I. TOTM. OEPTH Of' HDLE • 9.0' 

17'. £1.£VATOI TCP Of' HDLE 

& TOTM. CC1RE IIECOW:RY '011 ....CN/ A .. _, .... '!. _., ... 
LARRY "t NJAM1N 

• 

ELEVATION KPTH LEGEND a.--~ IIIATIEIULI f.,~ A=-a' 
L_-£'--4~n.,L-+-~·~~~~------~·-----------+~·L-~ ~~--------~---------1--
r -·· - -_ ••• SP-Tan, coarse poorly sand, _ 

- • • trace of shell fragments 1---:
1
-l,NQTE: : 

_: " " ' ~-'--jVIBRA·CORE START TIME• 1627 -
- • • • • • TOTAL TIME: 8 MIN. -

1---:2:-INOTE• : -
2..: -

SM, Dark gray, fine silty 
sand, trace of shell 

_:V~/ CL. Light gray. sandy lean 
-~ cloy, trace of rock 

4 j~ ''-"'"~"-' 

6~~ 
~~ 
8~~ 
9:~ 

BOTTOM OF HOLE 11! 9.0' : 
: 

-: 
: 

..: 
: 

SOILS ARE F'IELD VISUALLY 

: 
-: 
: 

..: 
: 
: 

-: 
: 

..: 
: 
: 

-: 
: 

..: 
: 
: 

-: 
: 

..: 
: 
: 

CLASSIFED IN ACCORDANCE 
WITH THE UNIFIED SOIL 

CLASSIFICATION SYSTEM 

f-=---jVIBRA·CORE TUBE CLASSIFIED :._ 
BY LARRY BENJAMIII ON 

~-:;3,..--J 8/27194 

4 

:
: 
:.. 
: 
: 
:-

:
: 
:.. 
: 
: 
:
: 

: 
:
: 
:.. 
: 
: 
-

:
: 
:.. 
: 
: 
:-
-
-
: 
:.. 
: 
: 
:
: 
:.. 

-
ENG FORII1836 ..,....,. ,,.,..,. "" ....._.,,_ -.Eel 1 ......... 
-~ 



...\OI-21-94 to OI-33-94.DGN  4/26/2006 11:46:03 AM

- No 01-32-94 . 
DRl.LING LOG I""'TouTH ATLANTIC 

WST ... LATIQN 
WILMINGTON DISTRICT 1:--:ET 1 

OF' 1 KUS 
l -..ECT 10. ""' - ,.,. "" •15"" VIBRACORE TUBE 120"1 

OCEAN ISLE II. DATUII FOR EU:VATIDN ..,.... • &I 

2. LOCATION Glnlllllrt • ~ MLW 
N J~ 51" 05"" E 8 23" 15"" 11. IIMU'M:T....:II"S D!SIIINATION 01 DRU. 
.S. DRLLIG MZIICY VIBRA·CORE !SNELL I 
MOBILE DISTRICT U. TOUL 110. Of' OW:R• ·DST...a:D •UIOSTUIIIED 
4. HCI.IE 11D.U. ................ 

:oi·J2·94 
lUDEll SMFL£S TM£11 : 5 : 0 .,.._., 

I. NMI£ Of' ORU.£1 
M. TOTIL ru&R CCIII IOI£S N/ A 

JERRY FULCHER • JAMES WILLIAMS II. IEU:YATOI GRCUI) WATER 

I • ..:CTIDN Dr HCI.E .. DATE IICILE :sTMTED •CCJIIIILETED 

IXJ V!RTICM. [J ICLIN!D DEG. r11011 van. ·8/25/94 :8125194 
17. ELEVATOt TCJI or IICILE 

7. TICICNEIS 01 DVEIBIIDEN N/A & TOT IlL caRE MCOVEIIIY 'OR ICIIICN/ A • I. OEPTH -.LED liTO IIIOCIC o.o· .. SIGNATI.RE OF' IIBIECTGR 
I. TOUL O!PTH Of' ICI.IE 13.8" LARRY BENJAMtl 

Q.IISSif'CATOI OF IIATE:IIUILS 
...... _ ... .. .... 

D.IVATOI DEPTH ........ OECOV· 

~· ....::.::---~~ n. - ...., *; r ,.,., 
• • • • 

: • SP-SM, Ton, fine to medium 1 0 poorly graded silty sand - • NOTE• trace of shell froa-ments :.... -: 2 VIBRA·CORE START TIME: 1731 
CL-Tonish gray, sandy leon TOTAL TIME= 7 MIN. : : cloy, saturated, trace NOTE• : 2..: of rock fragments VIBRA·CORE TUBE CLASSIFIED :-: (Sandstone) BY LARRY BENJAMIN ON 

: 8/27194 : 
-: :.... 

-
: 

3 4..: :-: : : :.... -: : : : 
6..: :-: : : 

-: -
: 

4 
: 

s..: :.... 
: : 
: : 

-: :-
- : 

1~ 1 - :.... 
: 

..: :-: : 
1~ 5 
1 - :.... 

: : 
..: : 
: :-
... 

13 ·.>< -
BOTTOM OF HOLE D 13.8' : : : SOILS ARE FELO VISUALLY 

-: 
CLASSIFIED IN ACCORON\ICE :.... 
WITH THE UNFIEO SOIL : : CLASSIFICATION SYSTEM : ..: :-: : : 

-: -
: 

..: :.... 
: : 
: : 

-: :-
: : 
-

ENG FORII18J6 PREVIOUS £DTIONS R GID.£TE. """"CT 1_, .... 
-----



...\OI-21-94 to OI-33-94.DGN  4/26/2006 11:47:41 AM

-DRl.LING LOG SOUTH ATLANTIC 

'-... .. 
OCEAN ISLE 

2. LOCATION ....... fl ....... 
N 3$1 52' 34" E '78 23' 26" 

C.IICILIE IIO.U. ........... :_. __ -· ., ,., _, : ul· .>.>·"4 
&. NMI£ or ORU.ER 
JERRY FULCHER lo JAMES WILLIAMS 
1. DIIECTIQN or ICI.E 

IXJ .. RIICII.(JICI.II!D 

7. TICICLICSS 01 CM:-..a:N N/ A 

I. OEPTH DRLLED liTO IIIOCit 0.0' 
t. TOTIIL O!PTH 01 ICI.IE 7 .0' 

D.E:VATOI DEPTH LEOEIG 

• n. 

QEG. FIICIII YDtT. 

- No. 01-33-94 
WSTIILLATIQN IKU 1 

WILMINGTON OISTRICT 1., 1 ""'"" 
.,_ ,... - , ... II' •15" V18RACORE TUBE 120'1 
II. DATI.II FOR I!LI!YATIQN ........ fl Mill 

MLW 
12 ...... M:TI.RER'S DESOlATION or DRLL 
VIBRA·CORE ISNELLI 
D. TOTM. Nil. CIF' OVER· ·DST.-D •• ·-TQU&D 

118lEN SMIPL£1 TMIN : J 
M. TDTN. -~~ a. BOXES N/ A 

& DATE HCII.£ :STMT(D 
·8/25/94 

17. IELEVATIIDN TCJI at IICII.£ 

.. TOT M. CCIII .CCM:ItY FCII BDIIIGN/ A 

II. SIGNAT._. Of' IIISPE:CTOR 
LARRY B£ LJAMIN ·--:::z.::----11" "':r-

• . . 
..: .. . SP-SM, Gray, fine to medium 

poorly graded silty sand, 
with shell fragments 1 NOTE• 

VIBRA·CORE START TIME= 1238 - .. . 
2-= 

: 
: 

-: 

SM-Groyish ton, fine silty 
sand, trace of rock 
fragments, with shell 
fragments 

4~~~~--~~--~~~ : V~/ CL-Groy and ton sandy leon 
-~ clay with rock fragments 
~ ~ !Sandstone) 

6~~ 
7."=~ 

: 
-: 
: 

...: 
: 
: 

-

-: 
: 

...: 
: 
: 

-: 
-

-
: 

...: 
: 
: 

-: 
: 

-

...: 
: 
: 

-: 
: 

BOTTOM OF HOLE II 7 .0' 
SOILS ARE F'IELD VISUALLY 
CLASSIFED IN ACCORDANCE 
WITH THE UNIFIED SOIL 

CLASSIFICATION SYSTEM 

ENG FORII1836 ,.._,. <DTOd "'" CIISOI.£TE. 

TOT AI.. TIME= 5 MIN. 

NOTE• 
VIBRA·CORE TUBE CLASSIFIED 
BY LARRY BENJAMIN ON 2 
8/27/94 

3 

1_, ... 

• 

~ 
~ 
~ 
~ 
~ 
~ t-

~ 
~ 
~ 
~ 
~ 
~ 
~ 

~ 
~ 
~ 
~ 
~ 
~ 
~ 

~ 
~ 
~ 
~ 
~ 
~ t-

r-

~ 
~ 
~ 
~ 
~ 
~ 
r-

~ 
~ 
~ 
~ 
~ 



...\OI-34-94 to OI-46-94.DGN  4/26/2006 11:50:35 AM

-No 01-34-94 -Olll.LING LOG SOUTH ATLANTIC 
IISTIILLATOI ISH!U 1 

WLMINGTON OISRTICT lar 1 SHEErS 

I. PRO.IECT 
OCEAN ISLE 

.,_ 11Z1 - '""" ar •15" VIBRACORE TUBE 120'1 

•· ""'A''"'-"-N 33' 52' 07" E 'fB 23' 04" 

11. DAT\11 FOR ELEYATOI ....... • al 
MLW 

12. IIIMU'ACNIER'S KSIIINATIQN 01 DRLL 
VIBRA·CORE CSNELLl 
U. TDTN. NO. Dr OV!It• ·DB~ "111111.._0 

4, HDLE ND.u. .... _..... • 
..,,._, 01·34·94 

I. 11M 01 DRLL£1 
JERRY FULCHER • JAMES WILLIAMS 
I. DftECTDI 01 1111.£ 

[] VEitTICM. [] IICI.ICD 

J. TIICICNESS 01 OV£-.....:N N/ A 

I. KPTH DRLLEO MD ROCK 0.0' 

I. TOTIIL DEPTH 01 IICIL£ 8.5' 

DEG. FIICIII VERT. 

IIIU:N SMFLI!:I TMEII • 5 . Q 

M. TOTM. IUIIDt CORE 801Et<l/ A 

e. ELEVATICIN CIRCUG WATER 

:sTMTED 
·8/24/94 

17. I!LIEYATIQN TOP 01 ICI.IE 

& TOTN. CORE RECOVERY FOR aacN/ A 
.. _ ..... '!_ ......... 

LARRY H•NJAMIII 

"CGIILETm 
:s/24194 

.. _, 
LEGEND a.MW"c:.:., IIMTI!IULI ELEYATDI DEPTH 

r;) -=.::-==r "';r • • • 
: 
: 

-: -
2_: 

-: 
: 

4-= 
: 
: -
: 

SM-Groy, fine silty sand, 
trace of clay and shell 
fragments 

Ton, trace of rock 
fragments (Sandstone) 

6- ,...... . 
- -:::·:.::·. Sondst~ne-Tan,_sondy, f1ne 
- ··: ::-: to med•um gro1ned, 

_: ·:~·::.:; moderately weathered, soft 
- =:·.::: · to moderately hard, 

~ ~f.},': fragmental 

s 5 r:~.'r: 
• _: BOTTOM OF HOLE Ill 8.5' 

•• SOILS ARE FIELD VISUALLY 
._ CLASSIFIED IN ACCORD~CE 

WITH THE UNIFIED SOIL 

-: CLASSIFICATION SYSTEM 

-: 
: 

...: 
: 
: 

-

...: 
: 
: 

-: 
: 

-
: 

-: 
: 

...: 
: 

-: 
: -

ENG F'ORU18311 .,._,. ,,.,_ "" .......... _, 

NOTE• 
VIBRA·CORE START TIME 18•J9 1 
TOTAL TIME: 7 MIN. 

NOTE• 
VIBRA·CORE TUBE CLASSIFIED 
BY LARRY BENJAMIN ON 2 
8/27/94 

3 

4 

5 

-... .. 1 ......... 

• 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



...\OI-34-94 to OI-46-94.DGN  4/26/2006 11:52:01 AM

- No 01·35·94 . 
DRl.LINC LOG r"'TouTH 

IISTM.LATIDN 1:'" 1 ATLANTIC WILMINGTON OISRTICT 1 -!IHEETS 

1 -..:CT G. liZ! Mil IYP< Ill' •n•• VIBRACDR£ TUB£ (20"1 
OCEAN ISLE 1L DAT\11 FCR ELEVATION ..,... .. • MSU 

···~-- .. , MLW 
N 3 51" 39"" E 8 22" 51"" 12. MMU'CTI.II!II'S 0!8GIMTIQN Of' Ulll.L 
l. DRLLIG MEIICY VIBRA·CDRE !SNELL I 
MOBILE DISTRICT 

Q. TOTN. NO. Of' CM:R• •IJISTLIRO 11DSTUB:D 
4. HCI.IE NO. U. ...... ....... - a..aJEN SMA.ES TMEN : 4 : 0 .,.._., 01·35·94 
&. NMI£ Of' ORU.ER 

M. TOTIIL lUBER caRE IOXEf<I/A 

JERRY FULCHER 8o JAMES WILLIAMS e. ELEVATICJII GllCUII WATER 

L IRCTIDN Dr HCI.E .. DATI MDL£ :sTMT!D "COIFLETED 

o ......... o ....... D!G. P'IIOII W:RT. ·8/24/94 :8t24t94 
17". ELEVATION TCJ' GF' MDL£ 

7. TICINSS or OW:...:JDI N/A •• TDTN. CC.: IIECOW:IIY FOR ...CN/ A • I. DEPTH DM.LED liTO IIIOCit 0.0' .. IOIAT....:Of'ldPECTOR 
L TOT 11. DEPTH 01 HCI.IE 5.3" LARRY B£NJAMIN 

Q.MISif'ICATION Of' MATEIIULS ..... _ ... .. ._ 
D.EYATIDN DEPTH ....... •cov· -· -.:::::---~~ ~ - ... Jill -;'-• • • • 

: - SP-SM, Gray, fine to medium : . . 1 : - poorly graded silty sand, NOTE• : • • trace of shell fragments VIBRA·CORE START TIME 17:05 -: - TOTAL TIME: 7 MIN. :-
: • • : 

1-= ,.-: CH·Dork gray, fat cloy ? NOTE• :.. 
VIBRA·CORE TUBE CLASSIFIED : SM-Gray, fine silty sand BY LARRY BENJAMIN ON : 

: with rock fragments 8127194 : - (Sondtonel -

2-= :.. 
: : 
: : 

-: :-
: 3 : 

3-= :.. 
: : 

- -
: : 

4-= :.. 
: : 
: : 

-: :-
: 4 : 

s-= :.. 

5.~ 
BOTTOM OF HOLE Cl 5.3' :--: SOILS ARE FIELD VISUALLY : CLASSFIEO IN ACCORDANCE : 

...: WITH THE LNIFIEO SOIL :.. 
: CLASSIFICATION SYSTEM : 
: : 

-: :-
: : 

- -

...: :.. 
: : 
: : 

-: :-
: : 

...: :.. 
- -

- -
: : 

...: :.. 
: : 
: : 

ENG FORII1838 MEVOIS ,,.,.,.. ME CliiiGL.ETE . -..:c• 1'""' .... .... " 



...\OI-34-94 to OI-46-94.DGN  4/26/2006 11:53:01 AM

- No 01-37-94 
DRILLING LOG r'TouTH ATLANTIC 

MSTIUATIQN 
WILMINGTON OISRTICT 1:"~' 1 1 ~ ...... 

' -.Eer D. .,. - ,.,.. "' 1115" VEIRACORE TUBE 120'1 
OCEAN ISLE 11. OATI.II '011 ELIEYATIQN ..,_. ... al 
z ... ~, .. ~·n MLW 
N3 52'23" E 8 22' 45" 12. IIIMU'M:T..:II"S DESIIIIMTIQN r1' IJIII.L 
1 R.LIII GIICY VEIRA·CORE ISNELLI 
MOBILE OISTRICT U. TOT II. NO. Of' OW!It• :•"""'J ·l.llllr....:o 
··=h.~,_.. ...... 01·37-94 

ala:ll SIWLI!S TM!II : 0 

I. .... CIF' DM.L.£1 M. TDUL -· CCR: BDIEW/ A 

JERRY FULCHER & JAMES WILLIAMS '6. ELEVATOI GROI.IID WATER 

I. .-crOI 011 ICILE W. DATE IICI.E :STMITED •COIIfii.ETEO 

[J vtRTCM. [J IIICLINEO OEG. f'ROM vtRT, ·8/24/94 :8124194 
17', ELEVATOI 1(11 OF HCIL£ 

7. TICIUCSS 01 OVDBIIJEII N/A & TOT IlL CCR: RECOVERY FOR ....C:N/ A • I. OEIPTH -.uo liTO IIOCit 0.0' ._ SIGNA.'n.RE CIF' lfSIIICTGR 
I. TOUL DEPTH 01 IG.E 6.0' LARRY BENJAMtl 

ELEVATION ...... LECEICI Q.IIIII'ICATIDII 01' IIIAT!IULS ::.:= ~ o.::z.:::"'="--~ 
1:1 - ... JlR 

.... ,_ 
: SM-Groy, fine silty sand 1 : 
: trace of shell fragments NOTE• : 

-: and with rock fragments VIBRA·CORE START TIME 18:00 -(Sandstone) TOTAL TIME: 7 MIN. 
: 

NOTE• :.. ,..: 
VIBRA·CORE TUBE CLASSIFIED : BY LARRY BENJAMIN ON : 

: 8/27/94 : 
-: :-
: 

2..: :-: : : :.. -: : : 
3..: :-: 2 : : :.. -: : : -
4..: :-: : : :.. -: : -
~ : -

: : : :.. -: 
3 : -

6: : 
: BOTTOM OF HOLE 1D 6.0' 
: SOILS ARE FIELD YISUALL Y : 

-: CLASSIFIED IN ACCORONIICE :-
: WITH Tt£ IJIIIFIEO SOIL : 

..: CLASSIFICATION SYSTEM :.. 
: -
: :.. -: : : : ..: :-: -
: 

-: :-
: : 

..: :.. 
: : 
: -

-: :-
: : - -

ENG FORM18J6 --.. m,_ ,.. ...._., •. -..o<cr 1 ........ 

-" 



...\OI-34-94 to OI-46-94.DGN  4/26/2006 11:54:00 AM

- No 01-38-94 
R.LING LOG I""'TouTH ATLANTIC 

IIST.M.LATOI I:'" I WILMtiGTON DISRTICT 1 KETS 
1 -.ECT .,_ ,... - TYP< "' •13" VIBRACORE TUBE 120'1 
OCEAN ISLE 11, DAT\.M FOR IELEVATOI SHQWII'8r • Mal •. ,~ .... - .. r-r; MLW 
N J 51' 49" E 8 22' 25" 

'"is":--:~~';:"".,._,.., "'c;ELL J. -.LIIG MIEICY VRA·R INl 
MOBILE OISTRICT U. TOTIL NIL OF OV£1· :a.rn.-:J :UIGST'TD 
•· IG.E NO.U. ..... II ..... - .....:N SMA.£S TMEN 

---~ 01-38-94 
ft. NM OF ..._LE:R 

M. TOTM. IU&:R CORE 1011 .. / A 

JERRY FULCHER • JAMES WILLIAMS .. I!LE'IATIQN GIICUD WAT!I 

1. I.:CTOI OF' HCILIE .. DATE HCU: 1l,.~f/94 •CCJIFL£11£0 
[J VERTCM. [J ICLICD DIG. FRail VERT. :ii724i"Q4 

17', ELEVATION TCP Of' IG.E 
7. TICICICSS OF CM:IB.Ia:N N/ A .. TDTM. cat! •cow:ll't rat BDIIICN/ A • 
&. DEPTH -.uo INTO IIIOCIC 0.0' & SOIAT\IIE OF ...:CTGII 
I. TOUL DEPTH Of' IICI.E 4.8' LARRY BENJAMIN 

a. .... c:.:..IIAT!IIII.I ·-- -'"' -D.I!VATDI DEPTH L.EGDD IIECDV· .-.. -.::.::-=· (;) - ~ *;' ' • • • • • : •• SP-SM, Dark gray, fine to 

: • medium poorly graded NOTE• - . silty sand VIBRA·CORE START TIME 17:35 --: -. - TOT AI.. TIME: 7 MIN. 
: - 1 NOTE• 

1-= . -• VIBRA·CORE TUBE CLASSIFIED -. - BY LARRY BENJAMIN ON 

: - 8/27/94 .. --: -: -. -2-= .. ---. -- 2 
•• -: -• 

: --• 
3...: •• --: .. 

: • - . - -• . -- -4-= . - -• : .. 3 : • - . --: -• • 4.8 
-: BOTTOM OF HOLE D 4.8' -

SOILS ARE FIELD VISUALLY 
: CLASSIFIED IN ACCORDANCE 

...: WITH THE UNFIEO SOIL -
: CLASSIFICATION SYSTEM 

-
- -
: 

...: -
: 
: 

- -

...: -
: 
: 

-: -
-

-: -
: 

...: -
: 
: - -

-
ENG FORMIIIJ6 ,.....,. ,,.,..,. ME OISCII.ETE. -..:c• ~-· ... 



...\OI-34-94 to OI-46-94.DGN  4/26/2006 11:55:23 AM

OEG.'IICII 

Q.Mllf'ICA11DN CIF' IIA1DULS -
CL-Gray, sandy lean clay, 

trace of shell and rock 
fragments <Sandstone) 

CLASS"IED Ill ACCORDANCE 
WITH THE UNIFIED SOL 

CLASSIFICATION SYSTEM 

ENG FORM18J6 _ _,. ,,.,..,. - cma.<rE • 
... 71 

f---.--j VIBRA-CORE START TIME 16:52 
TOTAL TIME• 7 MIN. JO SEC. 

I--'.......! NOTE• 

3 

VIBRA-CORE TUBE CLASSIFIED 
BY LARRY BENJAMIN ON 
8/27/94 

NOTE• 

SCALE CHANGED AT 

6.0' TO 1"•1' 



...\OI-34-94 to OI-46-94.DGN  4/26/2006 11:56:15 AM

- No 01·40·94 
DRl.LIIG LOG r"TouTH 

IISULLATIDN I:'"' 1 ATLANTIC WILMINGTON OISRTICT 1 --... 
t. IPRO.IIECT 10. ,... ..., , ... II< ""3" VIBRACORE TUBE 120'1 
OCEAN ISLE 11. DATUII Flit I:U:YATIDN IHDIIII'- • &I 

···~· ... -·M MLW 
N3 52'5B" E B 22' 24" 12. MMU'CT.-n DEIDIATDI Dr DRLL 

~n'm'r' ~~ICT VIBRA·CORE !SNELL I 
D. TOT M. liD. Of' OVER· :DBNBD "111111.-.J 

4, HDI.£ NII.IAI ... • ..... - ..XII SIIIR.ES TMIEII 5 - 0 .,.. ..... , 01-40-94 
M. TDTM. -· CORE BCJXEt.l/ A 

~Em "'Fir~fi'ER 8o JAMES WILLIAMS II. IELEYATIDN GIOI.IID WATER 

I. ..:CTDI Of' tCII.E .. DATI! HQLI! :STMTED •CCIIR.£TED 

CJV£RTICli.(JIICLII£D O£G. FRCII VERT, ·8/25/94 :at25t94 
17. ELEVATIDN TaP Qf' IG.£ 

7. TNCICNESS 01 OWE......,. N/ A & TOTM. C.: RECOVDtY FOR ..-GN/ A • I. DEPTH DRLL£0 •TO ROCK 0.0' .. SIIINAT._. Clf' IISPECTGR 
I. TOUL DEPTH ar HCILI! 11.0' LARRY BENJAMIN 

Q. ... ICATIDN GF' •TERULS . """' ~ .. ._ 
ELEYATIDN ~~~~· LEGEND ....... -=..::-__ , - ... .1lh -.r-

• • • • 
: 

. 
SP-SM, Ton, fine to medium ~ - . 

: . poorly graded silty sand, 
1 NOTE• ~ • • trace of shell fragments VIBRA·CORE START TIME 13=10 -: . 

TOTAL TIME: 5 UIN. ~ - . . 1-• NOTE• 2 . . 
~ VIBRA·CORE TUBE CLASSIFIED 

: 
.•. : • GP- Ton, coarse poorly 2 BY LARRY BENJAMIN ON ~ .... graded grovel, trace of 8/27/94 ..: :.·.-~: shell fragments ~ . ·F: . ~ 

~ 

~ 
CL -Gray and ton, sandy lean ~ 

cloy 1-
3 

: ~ 
-: 

~ 
~ 

: ~ 
6..: t. - f-

-: ~ 4 
~ - ~ 

~ ~ ~ 
: ~ 
: ~ -

~ 
f.-

1~ ~ 
1 - 5 ~ 

: ~ 
1" . - f-

BOTTOM OF HOLE II 11.0' 

-: 
SOILS ARE fiELD VISUALLY 

~ CLASSifiED IN ACCORDANCE 

: WITH THE UNifiED SOIL ~ 
..: CLASSifiCATION SYSTEM ~ 
: ~ - 1-

- 1-

: ~ 
..: ~ 
: ~ 
: ~ - 1-

..: ~ 
: ~ 
: ~ 

-: ~ . 1-

-: ~ 
: ~ - 1-

ENG FORII1836 ... _,. m,_'"' -.. ... -... .. T .... , ... 
... 71 



...\OI-34-94 to OI-46-94.DGN  4/26/2006 11:56:51 AM

BOTTOM OF HOLE II 17.8" 

SOLS ARE FIELD VISUALLY 
CLASSIFIED IN ACCORDANCE 
WITH THE UNIFIED SOIL 

CLASSIFICATION SYSTEM 

ENG FORII1836 ..,.VQIS ,,.._ ME OISCI.EIE • 
... 71 



...\OI-34-94 to OI-46-94.DGN  4/26/2006 11:58:27 AM

Q.IISW~MATEIIW.S 

SM-Gray, fine silty sand, 
trace of shell fragments 

Sandstone-Gray, sandy, 1 

to medium grained, 
moderately weathered, 
fragmental, very hard to 
horct 

BOTTOM OF HOLE II 2.9" 

SOILS ARE fiELD VISUALLY 
CLASSifiED IN ACCORDANCE 
WITH THE UNifiED SOIL 

CLASSifiCATION SYSTEM 

ENG FORUIIIlll """""'" ,,.,_ ME CIISOLUE. 

-" 

NOTE• 
1----i VIBRA-CORE START TIME 16:09 

TOT AI.. TIME: 7 MIN. 
1 

NOTE• 
1---l VIBRA·CORE TUBE CLASSIFIEO 

BY LARRY BENJAMIN ON 
8127/94 

2 



...\OI-34-94 to OI-46-94.DGN  4/26/2006 12:00:22 PM

and ton, sandy leon 
cloy, trace of rock 
fragments <Sandstone) 

BOTTOM OF HOLE a 17.1' 
SOILS ARE FIELD VISUALLY 
CLASSIFIED IN ACCORDANCE 
WITH Tt£ UNIFIED SOL 

CLASSIFICATION SYSTEM 

ENG FORM18J6 ,.._,. .,.,... ..,. -.o••· _, 

1-::-lNOTE• 
f--'--j VIBRA-CORE START TIME 13•46 

TOT AI.. TIME: 9 MIN. 

NOTE• 
VIBRA-CORE TUBE CLASSIFIED 
BY LARRY BENJAMIN ON 
8/27/94 



...\OI-34-94 to OI-46-94.DGN  4/26/2006 1:01:20 PM

1---'---l VIBRA-CORE START TIME 14•17 
TOTAL TIME: 10 MIN. 

NOTE• 
VIBRA-CORE TUBE CLASSIFIED 
BY LARRY BENJAMIN ON 
8127194 

NOTE• 
SOILS ARE FIELD VISUALLY 
CLASSIFED IN ACCORONIICE 
WITH THE UNIFIED SOIL 
CLASSIFICATION SYSTEM 



...\OI-34-94 to OI-46-94.DGN  4/26/2006 1:02:20 PM

SM-Gray, 1 i sand 
with shell fragments 

Trace of shell fragments 

BOTTOM OF HOLE Ill 7.8' 
SOILS ARE F'IELD VISUALLY 
CLASSIFIED IN ACCORDANCE 
WITH THE UNIFIED SOIL 
CLASSIF'ICATION SYSTEM 

ENG F"ORUI8J6 .,....,. .,., ... "" -.. ... _, 

1----:.----1 NOTE ' 
1----'---l VIBRA-CORE START TIME 14:59 

TOTAL TIME= 3 MIN. 

NOTE• 
VIBRA-CORE TUBE CLASSIFIED 
BY LARRY BENJAMIN ON 
8/27/94 



...\OI-200-94 to OI-215-94.DGN  4/26/2006 1:05:40 PM

2 

3 

6 

Q.MII'ICA11DN Qll' IIIA1EIULI -
SP Gray slightly silty fine to 

medium sand. 

CONTINUED ON SHEET 2 
SOILS ARE f'IELD VISUALLY 
CLASSIFIED IN ACCOROMICE 
WITH THE UNIFIED SOIL 

CLASSIFICATION SYSTEM 

ENG FORII18J6 ........ ,.,,_ ME C8SDI.ErE. 
... 71 

Ocean Isle 01-200 



...\OI-200-94 to OI-215-94.DGN  4/26/2006 1:06:38 PM

ORl.LING LOG 
~ IELEYATIDtl TOP GF' IG.E 

ICon! Sheell 1 N 33 51' 59" E 78 24' 25" 
ND.IECI 

I OCEAN 1!:1 F 

ELEVATIDII ..... .... .., Q.ASSIF'IICATIOII 011 IIIATEIIULS -• 8.0 • • • 
• . 
• SPSM Gray slightly silty fine . . 

--: • to medium sand . 

: • . 
• 

g_: • • . 
: . . 
: . 

• • --: . . • . 
10 --: 

. . 
• 

: • . 
• - . . 

: • • • • ·~P Gray fine to medium sand. 2 : • • 
11 . . 

: • . 
• . . - . 

• . : • 
12 __: • . 

• : . • 
: • 

. 
• 

--: . . • - . 
13 . . 

: 
-

3.5 _:-:JA-JL 
: 
: 

--: 
: 

--= : 
: 

--: 
: 

--= : 
: 

--: 
: 

__: 
: 
: 

--: 
: 

--= : 
: 

--: 
: 

__: 
: 
: 

--: 
: 

__: 
: 
: 

• 

SPSM Gray slightly silty fine 

to medium sand with shells. 

MH Gray sandy silt. 

BOTTOM OF HOLE D 13.5 
SOILS ARE FELD YISUALL Y 
CLASSFED IN ACCORDANCE 
WITH Tt£ I.NFED SOl. 
CLASSFICATION SYSTEM 

ENG FORU18311-A PR£VOJS £..,_ME OISlUIE. 

-" 

3 

-...cr 
OCEAN ISLE 

-No. 01-200 

.. ._ 
-----~ llllllfir'IIJ, .. ,,...,..., 

__._ 

110.£ HO. 
I 01-200 

-

-

-

-

-

-

-

-

-

-

-
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2 

3 

. . . . . 

Q.IISWC:.:., IIATEIULS 

Gray fine to medium sand 

SM Gray silty fine to medium 
sand 

MH Gray silt with grovel 

BOTTOM OF HOLE Cl 3.5 
501.5 ME rELD VISUALLY 
CLASSFED IN ACCORDANCE 
WITH UE ._..FED SOl. 
CLASSFICATION SYSTEM 

ENG F'ORIIIIIJII """""'"" """-""' _,.., •. 
-71 

01-201 

2 

Ocean Isle 01-201 

_j 
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6 

a 

. . . . . . 
• • 

SP Gray fine sand with some 

shells. 

Fine to medium sand . 

Gray silty fine to medium 

sand with some shells. 

Gray silt with grovel. 

2 

9-i~~------------------,_ __ ,_ __ +----------------+-
BOTTOM OF HOLE D 9.0 
501.5 ME rELO VISUAL.L Y 
CLASSFEO IN ACCORDANCE 
WITH UE LltFIEO SOl. 
CLASSFICATION SYSTEM 

ENG FORU1836 .,....,. .,._..,. _,,. 
-~ 

Ocean Isle 01-202 
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. --No 01203 

ORl.LING LOC - I&TA.LATDI 1:"'" I SQUIH_6IL~I~---- Wilmioglao_Qillc ,_ ,;,;- -...... 
L ~CT IlL SIZI MD TYPE GF' ., .;,:• Vibracare ToohA (?0' 

OCEAN ISLE IL DAT\11 FCit I:U:VATDI ..,.... • ti5U 
2. LOCATION~• ...... MLW 

N 33 51' 59" E 78 23' 50" 12. MMU'ICT\IIEII'S DEIIGtMTIDN Of' OIIU. .. -.- ......... VIBRA-CORE CSNELLl 
MOBILE DISTRICT 1!. TOTIL NO. Of' OV£1· :DIST..a:D :1101r.....:a 

•.IG.ENO.u. ............ 01-203 ......:N SMIPLES TMCEN -- ......... M. TDTM. IUB:R c:aRE BDXES N/A 
I. 11M GF' DRLLER 

JERRY FULCHER S. JAMES WILLIAMS II. ELEVATION CIRDLIG WATER 

I. a.:CTDI fl' HOLE W. DATE HOLE :•""'"
0

1115/94 :c:-..""~11/5/94 
1m VERTIICM. [J IICI.ICO D£G. FIIQII W:RT. 

17, ELEVATION 1(11 GF' HDLE 
7. 'MCICICSS GF' OVEIB.RDEN N/A & TOTIL COli! IIECOW:II't FOil IQRIC N/ A • L DEPTH IIILLED liTO IIOCIC n.n II. IICIIAT.- OF IISPECTCit 
I. TOUL DEPTH CIF' HDLE 6.0 BEN LACKEY 

• COllE -00 ·-I!U:YATDI DEPTH LE GDID CLMII'ICATDI or IIIATEIM.S OECOV• -· -=::---· n~ - ERY .... .... ,_ 
• • • • • . . 

• . . 
~ : . ' SP Gray fine sand with shells . 

--: 
. . . 

~ . . 
: • .. ~ . . 

~ 1 - • • . 
: • SPSM Gray fine to medium ~ . . 

1 : • sand with a trace of shells . ~ • • 
~ -

MH Gray sandy silt with 
2- -gravel. 

: : 
__: ~ : ~ - ~ 3...= 

~ : 
~ : Silt with gravel. 
~ -

"" 4--: ~ - 1-
__: :..._ 

: : 
- : 5_: 

~ : 
~ : 
~ -

6 - 1-
: BOTTOM OF HOLE II 6.0 Mislabeled 01-201-94 ~ 
: SOLS ARE FELD VISUAL.L Y ~ --: CLASSFED Ill ACCORDANCE ~ 
: WITH TI-E LNFEO SOL 

~ CLASSFICATION SYSTEU 
:..._ 

--: : : -
- -
: ~ 

--: ~ 
: ~ 

-= ~ 
: ~ : ~ --: ~ - t-

- -
: : 
- -

F" ENG ORM 1838 PIEVIDUS EDTDIS ME DBICI.!TE. 
-..ECI 

Ocea n Isle 1 ......... 01-203 
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3 

SPSM Gray slightly silty fine 

sand with shells. 

SM Gray silty fine sand . 

Gray sandy silt with Qr,ov<ol.l 

2 

3 

4~~~------------------+---+---+----------------F-

BOTTOM OF HOLE II 4.0 
SOILS IRE FIELD VISUit.L Y 
CLASSFED N ACCORDANCE 
WITH THE lNF'ED SOIL 

CLASSFICATION SYSTEM 

ENG FORM1836 ... _ <II•- ""' -u<. _, Ocean Isle 01- 204 

_j 
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-No 01·205 

IR.LING LOG r1CurtL6ILMIIIC ____ i""'""·-Wilmioglgo_DiiiE •• I:"'" I ar_2_-8ia:Ts 
I, IPRO.IECT 11. tm: MD TYPE: OF' •r . l" v;brocore Tube (20') 

OCEAN ISLE n. DATlll FOil D.!YATD ..,.... •..., 
2.LOCATOI ........ •SIIIIIIIII MLW 

N 33 51' 49" E 78 23' 26" 12. IIIMU'M:T.-EII'S DESNATDI ar IIW.L 
.S. IJRUMD aaEIICY VIBRA·CORE <SNELU 

MOBILE DISTRICT 11 TOUL IG. Clf' OV£1· :DST.-o :IIGSTUI&:D 
•.IG.ENO.u. ........... 01·205 &IBI!N SMPLES TMEN .,.....,., 

M. TDUL -· CORE IIDXEI N/A 
&. .... OF' DRLI.£1 

JERRY FULCHER S. JAMES WILLIAMS '6. ELEYATOI G11CU11 WATER 

I. a.:CTION 01 HDLE W. DATE IICI.E :•'"'"
0

1115/94 
"CCCIPLE rED 
. 1115/94 ll!IV£01""- CJ ...... DIG. FIIIOII VERT, 

17'. ELEYATOI TCP OF' HOI.£ 
7. TIICICIIESS 01 OVDBIIJEII N/A .. TOT II. CQIIE R!CCM:IW FCII ..c N/ A • I. KPTH .._LED •TO IIOCIC 0_0 .. SGNA1UI£ OF' INSPECTOR 
I. TOUL DEPTH 01 HCI.I! 16.0 BEN LACKEY ..... ~ .. _ 
I!LEYATIQN OlPIH L< .... QA'SFIICATD or IIATDULS OECOV· 

-=z.::-__ , - ""' .... .. , ,.,_., 
• n>J • • • ' 

: . . 
~ • . . to medium sand ~ : . . SP Gray fine . . . 

with shells. 1-- . . 
. . . . t . . 

,_: . . . :-. . 
: . . . : • • 1 : . . . 

~ -: . . r-. . . . . 
2 

. . • 
~ : 
~ : SM Gray silty sand with trace ~ --: of shells. ~ : 1-

3_ -
: 2 : 

-= :.... 
: ~ 
: ~ 4 r-

-= ~ 
: MH Gray sandy silt with trace ~ . 

~ 5_: of gravel. ~ . 
- -

- -
: ~ 

6_: ~ 
: ~ : ~ - r-

7_: ~ 
: ~ . t 

-: :-- -
B 

: ~ 
: ~ 

-: ~ : ~ _: ~ 

: ~ 
-: ~ 
: ~ 1-

ENG FORU1836 ...-.. <D- ""' -•••· -..:c• 
Ocean Isle r""-' .... 01·205 
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, ID.E:VATOI TCJI OF' tGLE: 
DRl.LIIG LOG CConl St.eU N 33 51' 49" E 78 23' 26" -'*'· 01·205 
-... .. 

1-::.IILLATOI 1":'~' _2_ 
OCEAN ISLE ar -ns 

Q.MSPIICATICII OF IIAT!IIN.S 
• c:aoo: ...... -I!LI!VATICII OI!PTH " ..... - "\W· "'::-· -=.::~=r=r 

• BoO • • • ' . -

-: 
MH Gray sandy silt with trace 

:-
: of grovel. : 

9 _: =-: 
3 

: 
: : - -

10 _: ~ 
: ~ 
: ~ 

-: F-
: ~ 

11 - f-

: ~ 
-: F-
: ~ 

12 _: ~ 
: ~ 

- f-

: ~ 
13 _; ~ 

: : 
: : 

-: :-

14- :-: : : =--: : : : 15 _: -

_: 
Silt with a trace of grovel. 4 

=-: : . : 16 • 

: BOTTOM OF HOLE D 16.0 : 
: 501.5 ME rELD VISUAL.L Y ~ - CLASSFED IN ACCORDANCE f-

WITH Tl£ LltFI[O SOl. 

~ : CLASSFICATION SYSTEM 

-: F-
: ~ 

_: ~ 
: ~ . f-

- f-

: ~ 
_; ~ 
: ~ 
: ~ 

-: F-
-_ :-
: : - -

ENG F'ORUI8J6·A """VQIS <orr- M< -•"'· 
-... .. T ........ . OCEAN ISLE 01 205 
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-No 01·206 

ORl.LING LOG r"TauitL6IL6tlilC ____ 
.. TM.LATIICIII • • l:f''-1. WilaJIOQIQO_QIIIC •• SHEETS 

1. PIIO.IECT 10. liZ! Mil TYPO <7 •• J" Vibracare Tube (20') 
OCEAN ISLE n. DATUY FOR ELEVATOI ....... • 81 

2. LOCATOI........_f'-- MLW 
N 33 51' 55" E 78 23' 26" Q, .....,M:1UIER'S DESCNATOI OF' 01111.1. 

a. -.uc MIDr:Y VIBRA·CORE CSNELU 
MOBILE DISTRICT 

Q. TOUL NO. OF' OVER· :DSn.&:D :YOSTPIIEO 
4.1Q.IEIG.IAr ............. 01·206 aRJIENSMR.ES TM£11 
.,.. .... J 

M, TOUL tUII£R CCIRE IDlES N/A 
I. NM1E OF' R.LER 

JERRY FULCHER 8o JAMES WILLIAMS 11. D.!VATIDN GIICUIJ WATER 

I. U.:CTOt OF tG..E: .. DATE HDLE : ....... 1115/94 .,_.,. .. ~ 
: 115/94 IZI VIRTICM. [J -cuED OEG. , ... W:RT. 

17. IELE:VATOI TOP OF' HCII.IE 
7. TNCICNESS Qll' OVERaiiDEN N/A & TOTM. caRE RECOVEIIIY FOR IORIIC N/ A • 1. QEPTH DIIU.£0 1110 IIIOCIC 0.0 .. ~~GNAT..: 01 IIRCTOit 
I. TOTIL DEPTH OF' HCU: 5.5 BEN LACKEY ...... ~ .. _ 
I!U:VATIDN DEPTH " .... Q.MII'ICATIDN OF' IIATEIIM.S OECOV· -=..a..~:a:r - ... ... 

• 001 • • • ' 
: 

. . 
~ . .. 

: . . t-
• • • SP Gray fine to medium sand 1--: . • 

~ 
.. . . . . • 

F-1 ....: •• ·.· - . . . ~ : . • 1 ~ . . ....: .. . 1-- . . . 
-

F-2..: silty fine to medium : SM Groy 
~ 

: sand. 2 ~ -: I='"" 
: t-

3 • 

~ : 
~ : MH Groy sandy silt with some F--: 

shells. ~ : 
~ 4_: 1-: 

F-: 
-: 1: : 1: 5_: 

I='"" : -
5.5...: 

~ : BOTTOM OF HOLE D 5.5 
: SOLS ARE FIELD YISUit.L Y ~ 

-: Q.ASSFED IN ACCORDANCE I='"" WITH TI-E LM'ED SOIL 

~ : Q.ASSFICATION SYSTEM 

F-_: 

: 
1: : 

-: I='"" 
: 1: 

....:. F-: r-
: 

I='"" -: 
: ~ 

....: F-
: 1: 
: ~ -: 1-

: 1: _: F-: 1: : t-
ENG FORM18ll ...:VDJS 1:111 ... - OBICI.ETE. 

__..., 
Ocean Isle 1 ........ 

01·206 ..... 



...\OI-200-94 to OI-215-94.DGN  4/26/2006 1:42:11 PM

Hole No . 01-207 

ORl.LIIG LOG I""'TourtL6ILM~IIC ____ 
ICTM.LATOI e;a; -.!.:. ... Wilmioglao_DiiiE,_ 

'-..ECT Ill. SIZE MG TWI£ Of' 81 3" v;brocore Tube C20') 
OCEAN ISLE 11. DATUII FCII I!U:VATDI IHDMI'- • &I 

2.LOCATOI .............. MLW 
12. IIMIIf'ACNIEIII'S O£SICIIIATIDII 01 ORLL 

3. R.LIG MIDCY VIBRA-CORE CSNELU 
MOBILE DISTRICT IS. TOTN. NO. OF' OV£1· :DSTIMEO :WOSN&D 

4. 1CU NO.u. ............. 01-207 .....:NSMR.£STMEN .,. .... , 
M, TOUL ..... CORE IIOIE:S N/A 

~..,. ar-.u:• 
JERRY FULCHER S. JAMES WILLIAMS II. D.!VATDI GIICUID WATER 

I. ...:CTIQN 01 tel.! .. DATE:ICU :STMTI!D •COIFIJ!:T!D 

131 V!ITICM. [J IICLICD DEG. FIGI VERT. 
. 11/5/94 : 11/5/94 

17. D.!VATOI TCJI' 01 HCILI! 
J, TNCIIICSS Of' OVE........:N N/A ._ TOUL CORE IECOW:RY' FOR IQIIIIIC N I A • 8. DEPTH IIM.LED IUD IIDCIC 0.0 •• SICIIAT..: Of' INIPECTCII 
I. TOUL DEPTH CIF' IICI.IE . 6.0 BEN LACKEY 

Q. ... CATOI OF IMTEIIIULS 
...... _.,. ·-ELEYATIQII DIPIM ....... R£COV· .-.. -::z.::---..-

0>1 - .... .... ..... _ 
• • • • ' 

: .· • . . : - . . : 
--=· • • SP Gray fine to medium sand :-: . . • . . - . . 

1 --= .. . . :-• : . . . 
:.' . 1 : . . 

=---· . : . . . : . : . . ·.· 2 • :-: 
: : 

--: MH Gray sandy silt with some =--
: shell. : 

-
J_ -

: : 
__: =--: ; 

2 - : 4_: -
: : 

--: :-
: : 

5_: =--
__: =--: : 

6 : : 
: -
: BOTTOM OF HOLE a 6.0 

--: SOLS ARE FIELD VISUiti..L Y :-CLASSF'ED IN ACCORDANCE 

: WITH TI-E I.NF'ED SOl. : 
--= 

CLASSF'ICATION SYSTEU 

=--: : 
: 

--: :-
: : 

--= =--: : 
: -

--: -
: : 

--= =--: : 
: : 

--: -
: : -

ENG FORII1836 ..,....,. Earr- "" CIIIOI.EIE. -..ECT 1 ......... 01-207 n I I 
... 71 

Oceo s e 

_j 
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-No 01-206 

ORl.LIIG LOG ~UI~-6IL~I~---- MT M.LATIIDN I:'',' -l:.. .. Wilmioalao_Dill£,_ 
1 -..ECT G. IlK MD TYPE 01' aT J" Vihrnenr• Tuh• (70'1 

OCEAN ISLE n. ~TUM F'GR IELEVATIIDN SHDMI'8I • 81 
2. LOCATICJII~_....,._ M w 

N 33 51' 39" E 76 23'36" 12. IIIMU'Cr.-n IIEIIGNATDI 01' DIILL 
l. ORI.LIIII MEIICY VIBRA-CORE <SNELL> 

MOBILE DISTRICT U. TOT M. 110. CIF' OVER· :DSrua:o :I.ICISTLIRD 

4. -t.·'·--...... - 01-206 IUIOEN SMFLIES 1-11 .. -· N/A M. TOTIL IU&R CCIE IDX£S 
1. NM or ORu.E:R 

JERRY FULCHER S. JAMES WILLIAMS '0. EU:YATIQII GRCUI) WATER 

I • ..:CTDI 01' IICI.E .. DATE ICILE :··-··11/5/94 :-"'"nt5/94 
l!!l ......... a ....... IIEG. ,... V!ltT. 

17. D.IYATOt TCJI 011 IICI.E 
7. TNCICNEIS 01' DV!IaRJEN N/A & TOTM. CCRE MCOVERY FaR ....C: N/A • I. OEPTH DRLLED liTO IIIDCIC 0.0 & SIGNATuRE OF' IIISPE:CTOR 
t. TOTII. DEPTH 01 11C1.! 5.5 BEN LACKEY 

Q.._.ICATOI CIF' IMTDULS . """" _ .. ·-EI.EYATOI DEPTH LECEie 0£COV· -· o.:z....~==r 
O.ll - - ... 

• • • • ' 
: . . . . . 
: . . SP Gray fine sand with some . . . - -. . shell. . . . . . ,_ ·.·.· -
: . . . 
: • • 1 . . . 

--: • • -. . . 
: • • Fine to medium sand with no 

2 - . . . shells. . . -
: 
: SM Gray silty fine to medium 

- -sand with shells. 
2 

3- -
: 
: 

MH Gray sandy silt. ---: 
: 

4_: -
: 

3 -
- -

s_: -
: -

5.5--= 
: BOTTOM OF HOLE Cl 5.5 
: SOILS ARE F'ELD VISIJit.L Y 

--: Q.ASSF'ED IN ACCORDANCE -
- WITH TI-E UNFIED SOIL 

CLASSF'ICATION SYSTEM 

- -
: 

__: -
: 
: 

--: -
: 

__: --

--: -
: 

__: -
: 
: 

--: -
: 

ENG FORII18J& PR£-.s <orr-""' Cl8SOI.Er£. -.ECT 
Ocean Isle 

1 ........ 01-206 
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-No 01·209 

ORl.LING LOG I'"Tauit1_6IL~IIC ____ 
IISTM.LATION ~:::·: -l:... ... Wilmioatao_Qialc •• 

L PIIO.IECT G. SIZE 1110 TYPE f1' ., -'" Vibracare Tube (7n'l 
OCEAN ISLE 11. DATLII ,OR IELEYATIOII SOM"a • _, 

2. LOCATION IDIInllllll• ...._, MLW 
N 33 51' 40" E 78 23' 50" 12. IIMU'M:TI.RER'S QESIGtM,T ... 011 .... L 

J, Dlll.LING MI!IICY VIBRA·CORE <SNELL> 
MOBILE DISTRICT U. TOT M. ND. GF' OVER· :DIST.-:D :UICIIST.-:D 

4, IG.E IIO.IAI~ ...... - 01·209 IIRJEII SMFLI!:I TMDI .,,.._,., 
14. TOTII. M.111ER CORE IOXES N/A 

I.IIMCFURU.I!I 
JERRY FULCHER 11< JAMES WILLIAMS a. D.!VATDI GIICINI WAT!It 

I. aa:CTIDN Of' tCII.E & DATI! ICI.I! :S1MT£D 1115/94 :CGA.£1£~115/94 
ll!IV£R1 ..... CJ ........ DEC. FIIDI VIRT. 

17. IEU!:YATIDN TOP 01 tCILI! 
7. TIICICNESS 01 OV£.......:11 N/A & TOT IlL CG11E RECOVIR't FOR ICIIIG N/ A • I. DEPTH IR.LED liTO IIIOQ( _ ~U .. :::·~~~~·· ... I. TOT II. QEPTM 0/1 IICI.E 3.0 ..... .,. .. ·-ELEVATIOII DEPTH LE .. .., Q.ASSf'ICATIDN 01' IIIATDULS R£COV· .-.. 

"'::~::---· - - .... ... ,_ 
• n.n • • • • - . . : - . . . 

: : . . SP Gray fine sand with trace 
-: • . . 

~ • • of shells. 
: . . . ~ . . 

1_: • . . ~ . . 
~ : . . . 

: 
. . 

1 1-. . . 
r--: . . 

• . . : • • 
2....: •• ·.· :-: : : MH Gray sandy silt. =--: : : 2 : 
3_: 

: BOTTOM OF HOLE II 3.0 ~ : SOLS ARE FIELD VISUitl.L Y ~ -: Q.ASSFIED .. ACCORDANCE ~ : WITH THE LNF'ED SOl. 1-
Q.ASSFICATION SYSTEM 

_: r-
: 
: =--: : : : ....: :-: : : =--: 

~ : 
~ _: 1--: 

: 
~ -: 

: ~ 
....:. :-: : : =--: : : : _: :-: 

~ : 
-: r-
: 

~ _: 
: ~ 
: ~ 

-: :-
: : 
- -

E NG F"ORII18l& ... ...._. <Dtoos M£ DISll.£1£. ......... 
Ocean Isle 1 ......... 01·209 
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-No 01-210 

IR.LING LOG I""'TourtL6IL&liil: ____ .. TM.LATOI 
lYilmioglao_Dill£,_ I::" J -ns 

·~· 
ID. SIZE _, TYPE: 011 er 3" v;bracare Tube C20'l 

OCEAN ISLE II. :r• FCII I!U:VATIDN ..,.... • &I 
2. LOCATOI..,......•SIIIIIIJIIII M W 

N 33 51' 40" E 78 23' 50" 
12. IIIMIIf'ACNIEIIt'S DESOMTOI 0/1 DRLL 

J. ORII.LIIC GNCY VIBRA-CORE CSNELU 
MOBILE DISTRICT 11. TOTM. NO. GF' OVER· :OSTI.II&:D :LICIISN&D 

•· IG.E NO.ur ...... .....,. 01-210 a.JIDEN SMR.I!:I TMDI - ,.,.,.,J N/A M. TOTM. IUBit CORE BOXES 
I. NMI: CIF' IIILLER 

JERRY FULCHER 8o JAMES WILLIAMS '6. D.IEYATICJt GRCUI) WATER 

a. .-era. Clf' HCILE •• DATE tCILI!: :······1115/94 :CGA.£T£D1115/94 
i!!IWRTICJIL [J ........ DEG. f'RDII van. 

17'. D.EVATION TCP 01 IG.E 
7. TICICNESS OF' OW:IB..IIJEN N/A .. TOTM. ct1R! IECCM:II't FOil ...a; N/ A • I. DEPTH DRLLED liTO IIIOCIC 0.0 •• IICIIIATPIE Of' ~~~SPECTOR 
t. TOT 11. DEPTH 01' ICI.IE 3.5 BEN LACKEY 

Q.MSI'ICATOI 01 MATIRUI.S 
• CliO£ 

_ ... ·-D.!VATICII DEPTH ....... .. _. -· o.:z.::-----O.ll - .... ... --·-0 • • 0 ' 
: . . . . . : 
: • • : • • • SP Gray fine to medium sand - -

• •. • • with shells. 
- . . : ,__: . . . . . :-: . . . . . : : . . . :..._ 
- -

SM Gray silty fine sand. 

2-
1 

:-: : : MH Gray sandy silt. :..._ 
--: : : 2 -

3_ -
: : 

3.5 __: -
: BOTTOM OF HOLE Cl 3.5 : 
: SOLS ARE FELD VISUALLY : - CLASSIFED 1\1 ACCORDANCE -

WITH TI-E UNFED SOL 
CLASSiriCATION SYSTEt.l 

__: :..._ 
: : 
: : 

--: :-
: : 

- -
: : 

__: :..._ 

: : 
: : - -

__: :..._ 
: : 
: : 

--: :-
- -

--: :-
: : 

__: :..._ 
: : 
: : - -
: : 

--: :-
: : 

ENG FORU18l& PREVIOUS EIITDII ME CIBIDLUE. -.ECT 1 .... ' ... 01-210 Ocean Isle -" 



...\OI-200-94 to OI-215-94.DGN  4/26/2006 1:47:07 PM

-No 01-211 

ORl.LING LOG f""TaurtL6IL6tlllC_ ---
IBTM.LATIDN l:,';n _J_ 

l!filmioglao_Qillc •. SIE£1!1 
1. PRO.ECT '0. SIZE MCI TYPE OF' ., 3"" Vibracaro Tube C20"l 

OCEAN ISLE 11. :'· FCR D.EYATIDN ..,_ .. • al 
2.LOCATOI ............. M W 

N 33 51" 49"" E 78 24"" 02"" 12. IIIMU'CT..:II'S DEWGNATIDN Qll' DRLL 
1 R.LICI IGEIICY VIBRA·CORE CSNELLI 

MOBILE DISTRICT 1S. TOT M. 1110. 01 CM:R• :DIIn.RIED :I.IDSTI.RKO 4. :r:,..ND;:r-• ........ 01-211 II.RODI SMFLES TMEN 

M. TOTM. -· COllE IDlES N/A 
I. NM1E OF' R.UR 

JERRY FULCHER ~ JAMES WILLIAMS a. D.I!VATDI GIIOLNI WATER 

I. IMECTICIN OF' HilLE W. DATE HDLE :STM1£D 11/5/94 :--· .. ~1/5/94 
131 """'"""- [J ........ DEG. FRCII VERT, 

17'. £1.£YATIDN TOP OF' HDLE 
7. TNCICIIESS Of' OW:........_ N/A & TOTM. CORE IIEC:OW:RY FCIR ..,...; N/ A • & O!PTH DRLLI!O INTO IIOCK 0.0 W. WGNAJI- OF IIIPECTCit 
1.. TOT M. IIIPTH OF' HilLE 8.5 BEN LACKEY 

ELEYATIDN D£P1H LECIND Q.MIII'ICATIDN Qll' IIMTEIULS ~ =-:r o.::t:l=:..-, 
0-'l - £RY ... "";'-• • • • • . . -. . . : - . • •. SP Gray fine to medium sand 

--=· :.... 
: .. • with shells. : .. - . . 1 : 

1 --= •• . . • :-- . . . 
=: • : . . 

- -

2 -
MH Gray very sandy silt with : 
some grovel. :-

: 
- :.... 

2 
: 
-

3 - -
: - Sandy silt with some grovel. :-
: 

4- :.... 
: 
: - -

5_ :.... 
: 
: - :-
: 

6 - :.... 

- :-
: 

7_ :.... 
: 
: - :-

a_ :-
: 

8.5- -
: BOTTOM OF HOLE a 8.5 : 
: 501.5 ARE FIELD VISUALLY : 

--: CLASSFIED IN ACCORDANCE :-- WITH THE l.N"ED SOL -
CLASSFICATION SYSTEM 

- -
: : - -

ENG FORIII8J& PR£VOIS m,_ M£ DllllL£1£. PIIOJ£C1 

OM71 
Ocea s e n I I ro-• ... 01-211 



...\OI-200-94 to OI-215-94.DGN  4/26/2006 1:47:55 PM

-No 01-212 . 
ORl.LING LOG l"""'rauitL6IL6tlllC ____ 

.. TM.LATIQII 
lYillllioalao_Qillc •• !:':"' -l:..., • 

1 -..:CT II). SIZE MD TYPE 01' ., -'" Vihrnonr~ Tuh~ C?O'l 
OCEAN ISLE n. DATUII FOR ELEVATOI ..,_.. • 81 

2. LOCATOI~f' ..... MLW 
N 33 51' 53" E 78 24' 13" 12 • .....,M:1UIER'S DESGNATOI OF' 01111.1. 

.s. -.uc NZNCY VIBRA-CORE CSNELLJ 
MOBILE DISTRICT 

IS. TOUL NO. Of' OVER· :DS1U&D :I.IOSTPIIEO 

4. :-t..••r-· ...... - 01-212 aRJENUWLE:S TME:N 

M, TOUL IUII£R CCJE IDIIES N/A 
I. NM1E OF' R.LER 

JERRY FULCHER 8o JAMES WILLIAMS II. D.!VATDI GIICUIJ WATER 

I. ..:CT ... OF' IICU .. DATE HOLE : ....... 1115/94 :--.. ... 1115/94 
IZI VIRTICIIL [] -cuED OEG. , ... W:RT. 

17. IELE:VATOI TOP OF' HCILE 
7. TNCICNESS Qll' OVE....:N N/A & TOTM. CORE RECOVEIIIY FOR BQIIIC N/ A • 1. QEPTH DIIU.£0 liTO IIIDCIC . .a_a . ._ :7''""A~ -c•oo I. TOTIL OEPTH OF' IICU 5.5 N LA K Y 

ELEVATION DEPTH LEC£1G Q.MII'ICATIDN OF IIATEIIM.S :.~ m.a' -=z.::=:...-, 
00> - ... ... .... ,_ 

• • • • • 
: • • ... : 
: . . . . . SP Gray fine sand. : 

-: . . :-. . . . . 
1 . . • :-: 

. .. : : . SPSM Gray silty fine to 
• • :.... -: . medium sand 

: . . : 
• 1 -

2 -
.. -. 

: .. : . - • • :.... 
: : - SM Gray silty fine sand with : 

3..: -
some grovel. 

...: :.... 
: ; 

4 
: : 
: :-
- MH Gray sandy silt with some 

: 
- -
: 

grovel. 
: 

5..: :.... 
: : - : ~-5...: 

BOTTOM OF HOLE Cl 5.5 

...: 501.5 ARE FELD VISUALLY :.... 
: CLASSFED IN ACCORDANCE : WITH UE lltFED SOl. 

: CLASSFICATION SYSTEM : 
-: :-
- -

-: :-
: : 

...: :.... 
: : 
: : - -
: : 

-: :-
: : 

...: :.... 
- -

-: :-
: : - -

ENG FORM18J& .,.....,. .,.,.,. ,.. CIISCli.<T<. -... .. 1 ........ 01-212 Ocean Isle ..... 



...\OI-200-94 to OI-215-94.DGN  4/26/2006 1:48:37 PM

-No 01-213 

0Rl.L1NC LOG I"TouitUILat~Itc ____ ~ .......... 
Wilmioalao_Qialc. _ l::n ] --2 -iio<n• 

L PIIO.I!CT 'D. liZ! MIJ TYPE at ar 3" Vibracore Tube (20' 
OCEAN ISLE 11. OAT\111 FOR IELEYATOI ..,...., ., aJ 

2. LOCATOI ......... fl .... t.lLW 
N 33 51' 37" E 78 24'14" 12. MMU'M:T!.a:llt'S DESGNATICIN Of' R.L 

.1. R.L .. IGEIICY VIBRA-CORE <SNELL) 
MOBILE DISTRICT 11 TOTIL NO. Of' OVER· :DIIN&D :1101r..-o 

•· HCU NQ.t*,.. • ..... - 01-213 .....:11 SMIIPLES 1ac£N ..,,.....,, 
M. TOTM. -~~ CC.: BDIES N/A 

L lUilE Cl' IIRU.£1 
JERRY FULCHER II< JAMES WILLIAMS '6. ELEVATION GIICUG WATER 

I. a.:CTION Of' IG.E .. OAT! 111:1.! :STMTED : ......... ,1/5/94 
ll!IV£01""- CJ ICLIIED DEC. FRCII V£1111'. 1115/94 

17. ELEVATDI TCP at 1111.£ 
7, TICICIESS 01 OV£Ra.IRDEII N/A & T011L CORE: RECOVEIItY FOR IORIIC N/ A • 
L UEPTH ..._LIED liTO IIOCIC 0.0 W. SNATa. or IIBliECTIIt 
I. TOTM. OEPTH Of' IG.E 11.5 BEN LACKEY 

Q.Mif'ICATICIN Of' IIATDULS 
..... ...... .. _ 

ELEVATION DEPTH LEGEM» OECOV· -· -=::---~ O.Jl - ... .... .... ,_ 
• • • • ' . . 

: . . . : 
: . . : . . . 

SP Gray fine sand with some --: . . :-
: . . . shell. -. . 

1....: . . . :-. . 
: . . . • • : : . . . 

=----: . . . . . : : . . 
2....: ·.·.· : . . . :-: . . 

: . . . 1 . . 
--:: . . . :-
: . . : . . . 

3 - • • 
=--• : . . : 

: • : . . SPSM Gray slightly silty fine 
--: • -
: . . to medium sand. • • 

4....: . . =--. : . . : 
: . : • • --: • :-
: . . : • s....: . . -. : . . 

2 : . : • • --: . :-
: . . : • 

6 - . . =--: 
..... 
····· : ····· : ····· SP Gray fine to medium sand 

--: ..... with shell. 
-

: ····· : ..... 
7....: ····· =--..... 

: ····· : ····· 3 : ····· : 
--: ..... :-····· : ..... ····· 8 - ..... 
: : 
: CONTINUED ON SHEET 2 : 

--: SOILS ARE F'IELD VISUALLY :-CLASSIFIED IN ACCORONIICE : WITH THE UNIFIED SOL : 
....: CLASSIFICATION SYSTEM =--: 
: 

=----: : : : -
ENG FORII18J6 ........ EDI- ............. -... .. ... , Ocean Isle 

1 ......... 01-213 



...\OI-200-94 to OI-215-94.DGN  4/26/2006 1:49:27 PM

) IELEvArOI rcJt OF' loG...E 
DRl.LitiG LOG CConl Sbeell N 33 51" 37"" E 78 24"14"" 

_...,_ 
01-213 

-...cr I::.M.LArOI I:'~' _z_ 
OCEAN ISLE 01 ...... 

D.EVA1'1DN ...... ........ Q.AISI'ICArOI Of' IIAKIULI "'= l:olr -:=WS=:.=--
8.0 - - ... 

• ' 
: ' . ~ . . . - . . 

-: 
. . . 

SP Gray fine to medium sand ~ . . 
: . . . ~ . . 

g_: ... ~ . . 
: ... ~ . . 4 : . . . ~ 

-: • • I-. . . 
: . . 

10 - ·.·.· ~ 
: • ~ . . 
: • SPSM Gray slightly silty fine ~ 

-: .. ~ . sand . 
: . . 5 1-. 

11 ...: .. 
~ : . .. ~ - . 

11.5 - •• 1-
: BOTTOM OF HOLE D 11.5 ~ 
: SOLS ARE FELD VISUAl.L Y ~ -: Q.ASSIFED .. ACCDRDJM:E 1-

WlrH TI-E LNFED SOL : Q.ASSIFICATION SYSTEM ~ ...: ~ : 
~ : I;.. -: 1-

: 
...: ~ : ~ : 

~ -: 
~ : 
~ ...: f-

: 
~ : 

-: ~ 
: ~ 

...: ~ 
: 1-
: 

~ -: 
: ~ 

...: ~ 
: ~ 
: 1-

-: 1-

: ~ 
...: ~ 
: ~ 
: ~ 

-: I-
: 

~ ...: 
: ~ 
: ~ 

-: ~ 
: 1-

...: 
~ : ~ : 1-

ENG F"ORU18J6·A ... ...,. .,.,_'"' -.. ... -...cr T ........ 
-OCEAN ISLE 01 213 

-------------- _j 



...\OI-200-94 to OI-215-94.DGN  4/26/2006 1:50:10 PM

-No 01-214 

DRl.LING LOG rT'aunL&ILMmc ____ 
.. TM.LATOI 1:''; -!:.. ... Wilmioalao_Dill<. _ 

L fiiiO.-CT II. liZ< ..., TYI't: or aT 3" Vibrocore Tube (20') 
OCEAN ISLE II. DATUM FOR EU:VATOI ...... tr 81 

2. LOCATDI~• _.., MLW 
N 33 51' 40" E 78 24' 25" 12 ........ CT....:R"S OESOMTOI Of' -.L 

J. URU.IIG NZICY VIBRA-CORE CSNELLl 
MOBILE DISTRICT ll. TOT M. liD. Of' OV£1· :DSN&O :I.IGSTifl8£0 

•• HOLE: ..,_,. .............. - 01-214 ....xN SMA.ES TMC£N .,.. ........ 
14. TOTM. -· CC.: BDXES N/A 

I. 1W1E 01 DILLER 
JERRY FULCHER & JAMES WILLIAMS 1ft. D.E:VATOI CIRO.IG WATER 

I. IRCTIJN at IG.E •• DATE IG.E :sTMT!D 11/5/94 :-· .. ,115/94 1!!1 VEOTICIII. [J INCLIIED OEG.. FIIOII WitT. 
17. D.IVATIQII T(Jt Of' IG.E 

7. TNCICNEIS 01 DV!RaiiDDI N/A & TOTM. COlE IIIECCMRY FOR IORIIC N/ A • L OEPTH DILLED lidO ROOt 0~0 •• SIGNATI.RE CIF' ltPECTCIR 
I. TOT M. DEPTH 01' ICIJ!: 7.5 BEN LACKEY 

Q.IISSf'CATOI OF IIATIEIULS 
z CORE 

_ ... -ELEYATIIDN DD'TH LE ..... OO:CDV· -· -:::.::---"' n.o - ... ... ..... _ 
• • • • ' 

: 
. 

~ . . 
SPSM Gray slightly silty fine : . 

~ • • sand with some shell. --: . ~ 
: . . ~ . 

1_: . . ~ • - . . r-
• . . 

--: ~ • 
: . . ~ • 

2_: . . ~ . 
: . . ~ 
: . 

1 ~ • • --: . ~ . . - . r-
3 

. . 
r-. . 

: • . . SP Gray fine to medium sand ~ • • __: . . . 
with shell. ~ 

: . . 
~ • . . - . . ~ 4_: ·. ·.· ~ : • . . . . ~ - . . . 
r-

- SM gray silty fine sand with 
~ 5_: trace of shell. ~ : 
~ : 
~ --: 
~ : 
~ 6 -

• r-. . SPSM Gray slightly silty fine 
• to mediium sand. 2 

__: . . ~ 
: 

MH Gray sandy silt with grovel. ~ - ~ 7_: 
~ : 
~ -

7.5 __: r-
BOTTOM OF HOLE C1 7.5 

--: 
501.5 ME FELD VJS\MLL Y 

~ CLASSFED IN ACCORDANCE 

: WITH Tt£ LNF'IED SOIL ~ 
__: CLASSFICATION SYSTEU 

~ 
: ~ : ~ --: ~ 

--: ~ 
: ~ - r-

ENG FORU18JII PREVOIS EDTOe ME DIICI.ET!. ~· Oceo s e n I I 
1 ........ -01 214 



...\OI-200-94 to OI-215-94.DGN  4/26/2006 1:50:49 PM

-No 01-215 

ORl.LING LOG r"!!uitUILBIIIC ____ 
liST ALATION 1:'" I Wilmiooloo_Dillc,_ ~-2~;.:.. •• 

I. IPRO.IECT •• SIZE _, TYPE GF' 81 3" Vibracare Tube (20') 
OCEAN ISLE 11. DA.'R.II FOR D.!VATICII SHDIIII". 'aJ 

2. LOCATOI~•....., MLW 
N 33 51' 50" E 78 24' 25" 12. IIIMU'CT....:II"S OUIGIIATIQII 01 DRU. 

l. DII.UIC ACIENCY VIBRA-CORE !SNELU 
MOBILE DISTRICT 

Q. TOT II. ICL 01 CM:R· :DSTI.IIIEO :I.IDST....:D 
4. :-J..ND.::r-· ..... - 01-215 ......:11 SMFLES TIIICEN 

M. TOTM. -· CG11E lOIII N/A 
~ IIMME 01' IIRLLI!R 

JERRY FULCHER i< JAMES WILLIAMS a,. ELEVATION GRO.IG WATER 

I. DIIECTU. at HOLE .. OAT£ HDL£ :srlftTED 
1115194 :""'"""''1115/94 181 VEitTICM. [J ICLINED II!G. FIICIII VERT. 

17. I!LEYA11DN TOP 01 tCILI! 
J, TIICICICSS 011 OVDB..IIDEII N/A & TOUL caRE IIIECOW:RY' FOR ....C N/ A • 
I. DEPTH -.u:o liTO IIOCIC 0.0 W. IDM'RIE Qll' IIIPECTCII 
I. TOT M. DEPTH Of' HDLE 7.0 BEN LACKEY 

CLMWICATION Of' IIATEIULS . """' _ .. ·-ELIEYATION ...... LIEGEND OECOV· .-.. "'.:L::'---~ 0..0 - DIY .... *:'-• • • • ' 
: 0 0 

0 0 0 

~ : • •. • • SP Gray fine ta medium sand 
--: 

• • • •. with trace of shells. ~ 
: 0 0 ~ 

1....: 0 0 0 ~ 0 0 

: 0 0 0 r 
: 0 0 

1 0 0 0 

--: 0 0 ~ 0 0 0 

: 0 0 ~ 
2 - 0 0 0 

~ 0 0 

: 
SM Gray silty fine to medium ~ : r 

--:: sand with some sand and gravel r-
: ~ 

3-= ~ : 
MH Gray sandy silt with some 2 

~ : ~ - gravel. r-
~ 

4_ 
~ : 
~ : Silt with some grovel. ~ -: 
~ : r 

5_ r-
: ~ 

__: ~ : ~ - ~ s_: r-

__: ~ 
: ~ - ~ 7_: 

: BOTTOM OF HOLE Cl 7.0 ~ : 501.5 ME F'ELD VISUALLY 

--: CLASSFED IN ACCORDANCE ~ 
: WITH TI-E UNFED SOL 

~ 
....: 

CLASSFICATION SYSTEM 

~ 
: ~ : ~ --: r-
: 

~ ....: 
~ : 
~ : 
~ --: 
~ : 

-
ENG F'ORII18lll ...-... <D•oe "'" ....... , •• --=·· Ocean Isle r"'" .... 01 215 -

_j 



...\OI-216-94 to OI-227-94.DGN  4/26/2006 2:06:57 PM

Olll.LING LOG 

SM-Groy, silty fine sand, traces 
traces o shell, with 
grovel 

-Gray, sandy silt 

BOTTOM OF HOLE AT 
SOILS ARE FIELD VISUALLY 
CLASSIFIED IN ACCOROMICE 
WITH THE UNFIEO SOIL 
CLASSIFICATION SYSTEM 

ENG F'ORMI836 """""""' .,._ "" ....... ,.. 

NOTE• 

1 15•32 

2 

START TIME 

TUBE 
LACKEY 



...\OI-216-94 to OI-227-94.DGN  4/26/2006 2:07:36 PM

-No 01-217 . 
IR.LING LOG r'TouTH 

IISULLATICIN 1:'~' 1 ATLANTIC WILMINGTON DISTRICT 1 _.,. 

·~· 111. SIZE - ,.,.. ar 815"" VIBRACORE TUBE 120'1 
OCEAN ISLE II. DATI.II FOR IELEYATIQN SHDWII". " _, 
2 ... ~ ... ....-. 11111111111 MLW 
N 3 51' 50.16'' E i)B 24'37.67'' 12. IIAIU'IICTUIIEIIt'S DE--.1'01 01' ...... 
J. IJIII.LIC MIDCY VIBRA·CORf (SNfLLI 
MOBILE DISTRICT IS. TOTM. ND. GF' OVER· :•T.-:D ~rrs'a •.IG.END.u. .............. ....:N SMIPLES TMIN 1 
.,~, 01·217 

I. NM 01 ..._LEIII 
M. TDTM. -~~ CeRE BCJXQI/ A 

JERRY FULCHER • JERRY TRIM 1L IELEVATOI GROIJG WATER 

I. CM!CTION f1' tCILI! & DATE IG.IE :··-r :m~784 
aD .......... CJ -·· 

D!G. P'IICIII W:IT. ·11/0 /94 
17. IELEYAT ... T(Jt 01' IICI.IE 

7. TIEICNESS Qll' CM:IBRI!II N/ A a. TOT IlL CORE RECOVERY FOR ll*fli/ A • I. DEPTH R.L£0 1110 IIOCIC N/A .. --.n..: Of' IIISPE:CTOR 
I. TOT 11. DEPTH Qll' tCILI! 6.5' BEN LACKEY 

Q. ... CATION 011 YATERULS 
...... ...... ...... 

ELEVATION DEPTH ...... OECOV· -· -.:::z.::-__ , - ...... ... *:"........, • • • • • ' • SP·SM/Siighlly silty fine sand, . . 
• traces of shell 

_: .. ~ : ... 
NOTE• ~ 1 - . ~ 1_: ••• VIBRA-CORE START TIME 

~ : .. 15•54 

~ - . 
_: .. · NOTE• ~ . . VIBRA-CORE TUBE CLASSIFI ~ 2- .·. BY BEN LACKEY 

~ : MH-silt with gravel (Limestone) 
~ : 
~ -: 
~ 3: ~ )-= ~ -

-: ~ - ~ 4: ~ 1-: 
~ : 
~ _: 
~ : r-

5- r-

1 : ~ 
_: ~ - ~ 6: ~ /_: 

~ : 
~ c ~ P· 

BOTTOM OF HOLE AT 6.5' 
: SOILS ARE f'IELD VISUALLY ~ 

-: CLASSIFIED IN ACCORDANCE ~ 
: WITH THE UNIFIED SOIL 

~ 
_: 

CLASSFICATION SYSTEM 

~ : ~ : ~ - r-

_: ~ 
: ~ 
: ~ -: ~ : ~ _: ~ 

ENG FORU18315 ... -... ........... OISOLETE. NO.IECT IHIILE ... 



...\OI-216-94 to OI-227-94.DGN  4/26/2006 2:08:22 PM

-No 01-218 
Olll.LING LOG ~TH ATLANTIC 

~TIUA'fltlll 
WILMINGTON DISTRICT I:'',' !.. ... 

L PIIO.IECT .,_ IlK - IYP< 01' •13" VIBRACORE TUBE 120'1 
OCEAN ISLE n. DATUM FOR D.E:YATOI ..,...., II Mal 
2. L~OI~t/1.._., MLW 
N 3 51' 40.27" E ~ 24' 37.74" Q ....... IICTUIIER'S Q£IIGIIATOI OF' DIIU. 

~o'llltt" ~'m'ICT VIBRA·CORE <SNELL! 
13. TOr.tL NO. OF' OW:R• ·osr..-:a :-·ga• 4. HCILI! NO.U. ...... • ..... - -II SMFLES TMEN : 1 .,.,_., 01·218 
M, TOTM. IU&R COM IIOIIf<IJ A 

I. 11M OF' DIIU.IER 
JERRY FULCHER • JERRY TRIM a. ELEVATION GIIOLID WATER 

I. ORE:CTOI OF' IG.E .. DAT£ IG.£ :SUIRTEO •CCJIFL£11£0 
·11106/94 :nto6/94 aa ......... o .... ...., DEG. FIIOII YERT. 

17'. ELEYATOI TC. OF' IG.E 
7. TIICICII!D 01 OVDBIIII!II N/ A & TOTA CCME lt!CDV!rt FCII ..... , A • I. DEPTH ORII.LED •TO ROOt N/A .. IIGNAT\RE OF' IISPECTCII 
I. TOT M. DEPTH Of' IG.E 8.0' BEN LACKEY . .,_ 

~ -ELEVATION DIPIH " .... Q.AISII'ICATDI or IIATEIULI ·-· ...::.::-==:· - £RY ... .... , I 

• • • • • ' : .. • •. SP-Groy, fine sand 

: .. • . . 
f-: ... SP-SM/Groy, slightly silty fine 1 

2- . to med•um sand with some NOTE• 
,'_: .. sand VIBRA·CORE START TIME f-

. : MH-Gray, sandy silt with 16•11 

: gravel 

-: NOTE• r--

~ 
VIBRA·CORE TUBE CLASSIFI 

Silt with grovel BY BEN LACKEY -
: 
: 

-: -
-6: \-: f-
: 

-= r-: 

s= \-: 
BOTTOM OF HOLE AT 8.0' : 

SOILS ARE fiELD VISUALLY 

-= CLASSIFIED IN ACCORDANCE -
: WITH THE UNIFIED SOIL 

: CLASSIFICATION SYSTEM 

-: -
: 

-= -
: 
: 

-: r-
: 

-= r--
: 
: 

-: -
: 

-= -
: 
: 

-: -
: 

-= r-: 
: 

-: r--
: 

-= -
: 
: 

ENG FORU111JII ..,._,. EDIOe ""' CBSCI.EIE. -... .. I ........ 



...\OI-216-94 to OI-227-94.DGN  4/26/2006 2:09:04 PM

fine sand 

. . . to medium sand 

2--h·-m····is;.;:Gr;;~~~ - ""1 J , silty fine sand 
with grovel 

SOILS ARE FIELD VISUAL.L Y 
CLASSIFIED IN ACCORDNIICE 
WITH THE UNIFIED SOIL 

CLASSIFICATION SYSTEM 

ENG FORII18JI ... _,. .,.,_ .w: CII!IQ.£TE. 

START TIME 

1 
TUBE 

2 



...\OI-216-94 to OI-227-94.DGN  4/26/2006 2:10:36 PM

-No 01-220 
Olll.LING LOG ""'TouTH ATLANTIC 

.. TM.LATIQII 
WILMINGTON OISTRICT 1:"·,· !..., • 

L PIIO.II:CT ........... '""" " ..... VIARArnR• TIIR. c~n·) 
OCEAN ISLE n. DATWI FCIR ELEVATION ....... rt Mal 
2-L~IDII ...... rt ...... MLW 
N 3 52' 00.05" E 9a 24' 37.60" 12. IIUNif'M:NIER'S DE~TION 01 DRLL 
3. DIIUMG GNCY VIBRA·CORE ISNELLI 
MOBILE OISTRICT 11. TOTM. NO. 01 OVER· ... ,....., •UICJISN&D 
4, HDLE NO.U. ............ - aJIDI:NUIFLEI TMEN : 0 . 0 .,. ......... 01·220 

14. TOT IlL lUBER CORE BDIEf.l/ A 
I. NM 01 DILLER 
JERRY FULCHER 1o JERRY TRIM 1ft,. D.IEYATION GID.JID WATER 

I. DIIECTDI 01 IICI.E ._DATI MDL£ :sTMTED "CCIIPLET!D 

I!!:JVEOTICJIL [J -· DEG. r11011 van. ·11/06/94 :11106/94 
17. D.I!YATIQII TOP 01 IICI.! 

7'. TIICICICSS 01 OV£-.....:N N/ A & TOTN. ceRE IECOVERY FCII IDRIIII/ A • a. I:I:PTN DILLED MD ROCK N/ A 
a iiE~~~K -rCToo I. TOT M. DEPTH 01 IICIL£ 7.0' 

Q.MIPICATDI or IIAT!IULS . """" ..... -::z.::~---11 ELEVATION ""''" .. ..,., OEC:OV· -· - ... .... .... _ 
• • • • • ' : .. . SP-Groy. fine sand with ~ . . - . • some shell 

~ ...:· . . . f-: .. . . 
~ - . • NOTE• 2...: ·. . . VIBRA-CORE START TIME • ~ : . . . 16•55 

:." 
. ~ . . F-- . • NOTE• : .. . . lv1BRA·CORE TUBE CLASSIFI ~ . 4 - . SP·SM Gray. slightly silty BY BEN LACKEY F-

~- .. fine to medium sand f-- . 
~ : . . with shell - ... F-

: MH-Groy, silt with grovel ~ 6: ~ >-: :-
: -

7; BOTTOM OF HOLE AT 7.0' : 
: SOLS ARE FIELD VISUALLY : 

-: CLASSIFIED IN ACCORDANCE :-
WITH THE UNIFIED SOIL : CLASSIFICATION SYSTEM : 

..: :.. 
: -
: 

~ -: 
: ~ 

...: F-
: ~ 
: ~ 

-: f-
: 

F-...: 
: ~ 
: ~ 

-: ~ 
: ~ 

...: ~ 
: 

~ : 
-: ~ 
: ~ 

...: F-
: ~ 
: 1-

-: f-

: ~ 
...: I:_ 
: : 
: -

ENG FORII1836 ""'""""' <D•- '"" CIIICII.<T< • -... .. 1 ........ ..... 



...\OI-221-94 to OI-231-94.DGN  4/27/2006 9:56:35 AM

SP-SM, G~ay, sllQhtly silty 
fine sand 

SM, G~ay, silty ftne sand 

CONTINUED ON SHEET 2 
SOILS ARE FIELD VISUALLY 
CLASSIFIED IN ACCORDANCE 
WITH THE UNIFIED SOIL 
CLASSIFICATION SYSTEM 

ENG FORIII8J6 ..,._,. ..,,_ "" .,....,.,.. 
·- ft 

·_____ , 
NOTE: 

07:50 

NOTE: 

............. ,.........., 

START Tit.£ 

VIBRA-CORE TUBE CLASSIF 
BY BEN LACKEY 

.... 



...\OI-221-94 to OI-231-94.DGN  4/27/2006 9:57:21 AM

ORl.LING LOG !Coni Slleelli'"YAI ....... 01 ..... -No. 01-221 --·· I~TILLATION I:'" 2 I OCEAN ISLE WILMtiGTON DISTRICT 2 ...... 

~"'2 
Q.IISSIIF'CATOI 01 IIIATEIIIIM.S 

...... -CIT ·-D.E:VATOI ...... RECOY· -· -.:z.::---~ - ,.., ... -.r ,.,., 
• • • • ' • 

MH-Gray, sandy si It with 
: some shell 

-: -

4 -
- si It with some shell 

- -
' ~ -

-= 
: 

-
-== 1 c .s: BOTTOM OF HOLE AT 17.5 
-: -
: 

...: -
: 
: - -

-: -
: 

...: -
: 
: - -

...: -
: 
: 

-: -
: 

- -
: 

-: -
: 

...: -
: 

-: -
: 

...: -
: 
: 

-: -

-: -
: 

...: -
: 
: - -

...: -
: 
: 

ENG FORIII8l6·A PIIEYQS .................... -..:c• 1 ........ _ .. 



...\OI-221-94 to OI-231-94.DGN  4/27/2006 9:57:59 AM

-No 01-222 . 
R.LING LOG r'TouTH 

reTM.LATIDN 1:"'; !.. •• ATLANTIC WILMINGTON DISTRICT 
\ PROJECT 10. .,. - TYPE 01 813"" VIBRA·CORE 120") 
OCEAN ISLE II. DATI.II 'Gil D.IVATIDII ..,...., W ai5U 
2. LDCATIDN......_.. 5fllflllll 9s lotLW 
N J:IJ 52" 17.40"" E 28" 17.09"" 12 ....... cr....:R"S OESICIIIATOI OF' DRILL 

ti&ll"tr' ~rmicT VIBRA· CORE !SNELL) 
IS. TOT M. 110. OF' OVE:R• ·OST..-:D uosr.-:a 

4. IG.E IIO.U. ............. - IUIDEIISMA.ESTMEN : 5 : 0 .,..,.,..., :o1-222 
M. TOTIL MI&:R CORE lOllS N/ A 

.. - ., "':"-/<~ ... , & .1'1 II. I!LI!VATIDN G1101.1C1 WAT!I I JrRRY riii H R RRY TRIM 
e. .-criDN OF tCU: W. DATE IICI.E :STMT£0 •CCJIIILETED 

I!JWRTICoO.[JICLIIID DEG. f'RCIII VIRT, ·11/06/94 :11106/94 
17. ELEVATIDN TCP OF' HDLE 

J. TICICNESS OF CM:..._.... N/A e. TOTM. caRE IIECOW:RY FCIR IOMIII/ A • 8. DEPTH IIILL£0 lifO ROCK N/A .. ~,~~~·· ... I. TOUL OEIPTH OF' HCU: 14.0" ..... ~ ·-D.EYATICII G£PTH LE ..... CLMWIICATOI OF MATEIIIULS ...... 
-==----~ - ':-' .... ... ,_ 

_._ _._ ' • . . SP-SM. G~oy, siiQhtly silty 

_: 
• fine sand 

~ . . 
: 

. 
1 NOTE: F . . 

VIBRA-CORE START TINE 2: . 
08:07 F . . 

F-"-: • 
NOTE: : • • F • YIBRA-CORE TUBE CLASSIFIED 

- . . BY BEN LACKEY 1-• . . 
: 4-= SU-G~oy, stlty ftne sand 

2 :-: : : 
~ -: F c. 
1-v_ • SP-SM, Gl"'oy, siTQhtly stlty 

F 
. . 

: • ftne sand 

~ . . 
-: • ~ ~ 

~ 
. . 
• F • • F-. Fine to medium sand . . . 

• • -: :-• 4 

8 
. . : • . . F-. 

F : . . . F _: • • 1-. 
j 

. . . . . 
: CONTINUED ON SHEET 2 F 
: SOILS ARE f'IELD VISUALLY F 

-: CLASSIFED IN ACCORDANCE F-
: WITH THE UNIFIED SOIL 

F CLASSIFICATION SYSTEM 

- -

_: :.. 
: F 
: F -: F-: ~ 

- 1-

: F 
_: ~ 
: F 
: ~ -: :-. -

ENG FORioi18J6 ,.._,. ,,.,_ "" CIISCILETE. ""'-ECT 1 ........ 



...\OI-221-94 to OI-231-94.DGN  4/27/2006 9:58:46 AM

DRl.LING LOG CCont Sbeelll"<v•''"' ""' ar oQ.E -No. 01-222 
-.ECT r::N.LATOI SHEET 2 
OCfANISLf WILMINGTON DISTRICT 1 ... 2 -· .. 

Q.ASWIICATION OF IIIATDULS ...... ...... ·-ELEVATION LECEND RECOV· -· -::z.....~=:=r 11./ - ERT ... 
• • • • ' 

: U-Groy, silty fine sand 
: 5 --: 

/1: 
I. BOTTOM OF HOLE AT 14.0 

-: -
: 

...: -
: 
: 

-: -
: 

- -

...: -
: 
: 

-: -
: 

...: -
: 

- -
: 

-: -
: 

...: -
: 
: 

-: -

- -
: 

...: -
: 
: 

-: -
: 

...: -

-: -
: 

...: -
: 
: 

-: -
: 

- -

...: -
: 
: 

-: -
: 

ENG FORII18J6·A ..,._,. .,.,_ ... ....._.,.. r""CT 1 ........ 
-"-- --



...\OI-221-94 to OI-231-94.DGN  4/27/2006 9:59:41 AM

-No 01·223 
ORl.LING LOG l"""'rouTH ATLANTIC 

ISTM.LATION 1:'~' 1 WILMINGTON DISTRICT 2 ....... 
\ PRO.I!CT 10. ""' - ''"' "' •15" VIBRA·CORE (20') 
OCEAN ISLE II. DATLII FCII ELEVATOI ..,.... • _, 
2. LOCATIOII ....... .,Sflllllllll loiLW 
N 3!/J 52' 19. 78" E O,e 28'19.32" 11 ....... ICT\R!R'S O!IIGIMTOI 01 DRLL 
.S. DRLLIG IIGENCY VIBRA· CORE (SNELL) 
MOBLE DISTRICT 

IS. TOT M. ND. Of' OV£1· :·'--04 :-,--0 •.ICILE:NO.U..._. ....... 
:o1-223 

.....:N SMIPLES TM£N ..,,.._J 
ft. NME ar DRLU:It M. TOTM. -· CCiftl! IDlES N/ A 
JERRY FULCHER ' JERRY TRIM ll. ELEVATION CRDLHI WATER 

L ...:CTION Of' HOLE: & DArE 10.£ :STMTE:D •CCJIFL£TED 

I!J .. RT ..... [JIICLI£0 DECl.FRCII VERT. ·11/06/94 :11106/94 
17. I!U:YATDI TC. Qll' HDLE 

J. TtCICNESS Clf' OVE.....:N N/A & TOT IlL c:aiiE IRECOVIRY FOR IDRifl/ A • I. OEPTM DRLLED •TO ROCK N/A .. SIGNAT\IIE 011' lfSPECTCIR 
L TOTAL DEPTH OF tCILI! 17.5' BEN LACKEY 

Q.IISSif'ICATIOII OF IMTEIULS • CllR£ 
_ ... ·-D.EVATIDN OO:PTH LEGEIG ....... -· -.:z....~==r - ... ... 

• • • • • ' 
: 
. . 

~ . . . SP, Gray. fine sand. trace 
: . . of shells ~ . . . 

-: . . 1 NOTE: ~ -. . . VIBRA·CORE START TINE ~ 2: . . ·.·.· 08:20 ~ '-: . . . NOTE: ~ - • • . . . VIBRA-CORE TUBE CLASSIFIED 
- • • BY BEN LACKEY r-. . . 

4: 
. . 

~ . . . . . 
: • ~ • • SP-SM. Gray. sliQhtly silty 

~ : • fine sand 2 • • ~ -: . . . ~ 

~ 
• • SP, Gray. fine to medium sand. ~ . . . . . trace of she I Is ~ . . . 

~ : . . . . . ~ . . . SP-SM. Gray. sliohtly silty 1-

&: 
. fine sand trace of shells . . . ~ . . 

~ : • . . ~ -: . 

8 
. . ~ • ~ . . 
• ~ . . 

-= • ~ ...: . . ~ • "'I r5 . . ~ • "jl . . 
CONTINUED ON SHEET 2 

: SOILS ARE FELO VISUALLY ~ 
-: CLASSIF'IEO IN ACCORDANCE ~ 
: WITH THE UNFIEO SOIL 

~ ...: 
CLASSIF'ICATION SYSTEM 

~ : ~ : ~ -: ~ : ~ ...: ~ 

-: ~ 
: ~ 

...: ~ 
: ~ : ~ -: ~ : ~ 

ENG FORU18J6 ...._,..,.,_ME -.u<. -..o<cr 1 ........ 



...\OI-221-94 to OI-231-94.DGN  4/27/2006 10:00:20 AM

I!Rl.LING LOG CCanl Shnlll'""•'.., ''"' or ..._, 
Hala ND. 01·223 -.. .. I:S'II.LATIQN i""'' 2 

OCEAN ISLE WILMINGTON OISTRICT lor 2 ...... 

"'/ L< 
CLMWICATIQN OF IIIATEIUILS ...... ...... ·-£1.£YATIDII ...., II!COV· -· -==----~~ - ... ... -.r-

• • • • ' 
: .··. SP-SM. Gray. slightly ~ - . fine sand trace 

~ - .. of shells 

4 
SM-Si lty fine sand r-

~ 
~ 

: 4 ~ -: ~ 
' ~ ~ 

r-
: ~ - ~ 

1 - ~:::= MH-Sondy S i It 1-

"'"'= BOTTOM OF HOLE AT 17.5 ~ -: 
: 

~ ..: 
: ~ 
: ~ -: ~ : ~ ..: r-
: 

~ : 
~ -: 
~ : 
~ ..: r-: 

: 
~ -: 
~ : 
~ ..: 
~ : 1-: 

-: ~ 
: ~ 

..: ~ 
: ~ : ~ -: r-
: 

~ ..: 
: ~ 
: ~ -: ~ : 1-

..: 
~ : 
~ : 
~ -: 
~ : 
~ ..: r-: 

: 
~ -: 
~ : 
~ ..: 
~ : 1-: 

ENG FORM1836·A ...-.. ,,.,..,. .w: aasao.m. -.. .. 1 ........ _, 



...\OI-216-94 to OI-227-94.DGN  4/27/2006 10:40:41 AM

-No 01-224 
Dlll.LING LOG ""'TouTH ATLANTIC 

lfSTM.LATOI I:'" I 
WILMINGTON OISTRICT 1 IHE£11 

L IPRO.IECT .,_ 11Z1 .., , ... ..- "'13" VIBRACORE TUBE 120'1 
OCEAN ISLE II. DATUM Fat ELEVATION ..,...., • a. 
2-L~OI ......... SIIIIIIJIIII MLW 
N 3 52' 09.BB" E 9B 24' 25.6B" 12. IIIMU'M:Ta.II'S DESIGIIATDI 01' IIRLL 
3. IR.UIG MIENCY VIBRA·CORE !SNELL I 
MOBILE OISTRICT 

IS. TOTM. NO. or OVDI· ... , .... o :-·;r-4. HOLE NO.,_ ............. - a.RODI SMFLI!S TMEN : 1 

-----~ 01·224 
14. TOTII. tUa:R COR£ IOXqo.IJA 

~ UME 01' DM.U:I 
JERRY FULCHER • JERRY TRIM a. D.EYATION CIRDLie WATER 

I. a.:CTOI 01 ICI.IE •• DATE IG.E :STMTI!O ·CCJIIILI£1!0 

i!Dv<RIICIIL[JIICLII!D UEG. FIICIII VOlT. ·11106/94 :n/06/94 
IJ. D.E:VATOI TC. Of' IICU 

7. TIICICNEIS 01 DV!IBia:N N/ A & TOTM. COlE IIECOVDIY FaR SIIWN/ A • a. DEPTH -.uo INTO IIIOCIC N/ A •• SIGIIAT... 01' IISPICTOR 
I. TOT M. DEPTH 01' IICI.E . 3.5' BEN LACKEY 

Q. ... ICATION 01 IIAT!IUI.S • COlli: ...... -=z.::=r'==r I!LEYA11QN D<PIH .. ..... - "\W· "'::-· 
• • • • • ' 

: MH-Groy, silty sand with : 
: some shells and grovel : 

-: 
---- NOTE' 1 : VIBRA-CORE START TIME ~ 1-: 10,00 ~ : 
~ _: 

NOTE' ~ -
lv1BRA·CORE TUBE CLASSIFI ~ 2: BY BEN LACKEY :...: ~ . : 1 ~ : 

-: ~ 
3: ~ ,_: t... 

: : 
3 .~ : 

: BOTTOM OF HOLE AT 3.5' 
~ : SOILS ARE FIELD VISUALLY 

~ -: CLASSIFIED IN ACCORDANCE 

~ WITH THE UNIFIED SOIL : CLASSIFICATION SYSTEM ~ _: 
~ : t-: 
~ -: 

: ~ _: f:-: ~ : ~ -: r : 
....: :-: : : :.... -: 

~ : 
~ _: t-: 

: 
~ -: 
~ : 
~ _: 
~ : 
~ : 

-: 1-

: 
~ _: :-: : : 

ENG FORII18JII ... ...,. .,.,..,. ""' CIIDL<t<. -.oECI 1 ........ 



...\OI-216-94 to OI-227-94.DGN  4/27/2006 10:43:23 AM

-No 01·225 
ORl.LIIG LOG - ~ ........... I:'~' 1 SOUTH ATLANTIC WILMINGTON OISTRICT 1 ...... 

L PRO.IECT 11. az< - tYPE at •15"" VIBRACORE TUBE 120"1 
OCEAN ISLE 1L DA.'noll FaR IELEYAT ... ..,...., It 81 2. '-jJlTIDN......., It ..... MLW 
N 3 52" 09.82"" E 'Je 24"13.82"" 12 • .....,.C1UIER'S DESIGNATION OF llltLL 

~dJtr ~'m'ICT VI!RA·CORE <SNELL) 
13. T011L NO. OF OVER· ... ,...., ·LIOS1Ua:O 

4.11CU ................. ...... SMR.£1 TM£11 : 3 : 0 ..,,._., 01-225 
M. TOT II. IUIIER CCIE IDlE .. / A 

~E~,.F~~fh a. JERRY TRIM '0. I!LE'IATGI GIICUIJ WATI!It 

I. IRCTICIN OF HDLE W. DATI! tCILI!: :STMTED "CCCFF.ET£0 
(l!I .. RIICli.(JICLOC OEG. FIICII V£1111', ·11106/94 :11/06/94 

17'. ELEVATION TOP 01' IG.£ 
7. TNCICNESS 011 DVOa.IRDEII N/ A & TOTII. CORE RECOVERY FOR ..... , A • L DEPTH DRLU:D •ro IIOCIC N/ A 

a -=~~~~K ~.,,.. I. TOTN. OEPTH OF HDLE . s.o· 
Q.MIIIf'ICATIIDN OF' IIATDULS 

...... ~ ·-ELEYATOI DEPTH LEGEIG OECOV· -=.::---" - ... ... ... ,_ 
• ' 

: . . SP-Groy, fine to medium ~ . .. 
: . . sand , traces of shell, 1-

- • . . 1-• • : . I= . . 1 - . • NOTE• 

~ I.: • • ·.· VIBRA-CORE START TIME 
: . .. 1 10•25 ~ • 

~ :: . . -· . NOTE• 1;-- . . . 
f,-IBRA-CORE TUBE CLASSIFI ~ - . . 2: ·. .. BY BEN LACKEY • 

~ . : SM-silty fine sand 
~ : ~ -: 

2 ~ 3: ~ )..: ~ : MH-Groy, silt 
: 

~ -: 
4: ~ 

t..: ~ 
: 3 ~ 
: ~ 

-: 1-
-

s= I= 
)-: 

BOTTOM OF HOLE AT 5.0' ~ : 
SOLS ARE FIELD VISUALLY ~ ..: CLASSIFIED IN ACCORDANCE ~ : WITH THE UNIFIED SOIL 

~ : CLASSIFICATION SYSTEM 
~ -: 

: ~ ..: ~ : ~ : ~ -: 
~ : 1-

..: 1-
: ~ : ~ -: ~ : ~ -= ~ : 1-
: 

~ -: 
: ~ 

-= I:.. 
: ~ 
: ~ 

ENG FORII18J6 ..,. ...... ,.,_ ME ....._., •. Pmi!CI ra-• ... 



...\OI-216-94 to OI-227-94.DGN  4/27/2006 10:43:59 AM

-No 01-226 
ORl.LINC LOG f""TouTH ATLANTIC 

INITM.LATIDN 1:''' 1 WILMINGTON DISTRICT 1 ..... 
L -.ECT .,_ SIZE - '""" "' •13" VIBRACORE TUBE 120'1 
OCEAN ISLE 11. DATUII Fell I!U:VATIDN ....... • &.1 
2.L~IIDN .............. MLW 
N 3 52' 09.76" E IJs 24' 01.96" 12. IUIU'M:TI.RER'S DESIGIIATIIDN Of' R.L 
J. -.uc MII!NCY VIBRA·CORE !SNELL! 
MOBILE DISTRICT 1l. TOT M. lrG. OF' OVER· :•'"'fa :IIGSTrD 
4. :-J..IID.:r-· ..... - 01·226 

...:1:11 SMFU:I TMCEN 

'-11M ar-.L!I 
M. TOT.M. M.I&R CCIRE IIOXE .. / A 

JERRY FULCHER • JERRY TRIM 1t. D.!YATIQN G11CUC1 WAT!I 

I. a.:CTIDN Of' tCII.£ .. DATI! ICI.I! :STMTED •CCIFL£TED 

IXJVlRT ..... CJ ...... D DEC. FIIDI VIRT. ·11106/94 :11106/94 
17. D.!VATIDN TOP Of' IG.I! 

7. TIICICNESS ar aw:-....:11 N/ A & TOT IlL CCRE RECCM:R't FOR aaRifll/ A • L DEPTH ORI.L.£0 liTO IIIDCIC N/ A .. ":'i'' .... ~ .......... 
I. TOT.tl. OEPTM Of' IICI.IE . 2.0' N L K Y 

CLASWICATIDN 01 MATEIIULS ..... _ .. ·-ELEVATION DEPTH LE .... •cov· SMA.£ -=::---~ - £RY ... "";"-• • • • • ' 
: SM-Groy, silty fine sand 

: : 
-: 

1 
:-

- NOTE' : 1 : VIBRA-CORE START TIME =-: MH-Gray, sandy silt with 10,57 : 
: grovel : 

-: NOTE' :;-
2: 2 f,riBRA-CORE TUBE CLASSIFI ~ 

BY BEN LACKEY 

·: BOTTOM OF HOLE AT 2.0' 
: SOILS ARE F'IELO VISUALLY 

-: CLASSIFED N ACCORONIICE :-
: WITH THE UNIFIED SOIL : 

..: CLASSIFICATION SYSTEM =-: : 
: : 

-: :-
: : 

..: =-: : 
: -

-: -
: 

..: =-: : 
: : 

-: :-
: : 

..: =-: : 
: : 

-: :-
: 

..: -
: : : =--: : : : ..: :-: : : =--: : : : ..: -
: 
: 

-: :-
: : 
- -

ENG FORM18l6 IWWIUS EDITIDNS .-: 0810.£1£. 
-..ECT 1-· ... 



...\OI-216-94 to OI-227-94.DGN  4/27/2006 10:45:05 AM

-No 01-227 
ORl.LING LOG ~UTH ATLANTIC 

WSTM.LATIQN 1:" .. I 
WILliNGTON DISTRICT 1 M£TS 

l PRO.ECT 10. 11Z1 ""' '""" "" 815" VI'IRACDRE TUBE 120'1 
OCEAN ISLE 11. DATUII Fill D.I!VATDI ..,_.. •IISIJ 
2 ... ;cJJ ............ ....., MLW 
N 3 52' 09.58" E '18 23' 26.39" 12. IUIIU'CT..:II"S O!IIGIMTIQN or ..... 
1 R.LIC IGEIICY VIBRA·CORE !SNELL) 
MOBILE DISTRICT U. TOT M. 1110. OF OVIR· .......... : ... ·s-4. 1C1.1!: ICI.UI ............. IUIODI SMFLES To411CEN : 1 _,,._.I 01·227 

M, TOUL N.I&R COM IOXEfU A a. IWIE or DIIU.E:R 
JERRY FULCHER • JERRY TRIM '6. D.!VATIQII GIICUI) WATER 

I. IRCTION 01 IICIL£ & DATI! ICILI! :STMTED •CCJIA.£TED 
IID ... , .... CJ....,.o OEC. FRCII VERT. ·11106/94 :11/06/94 

17. D.!YATIQII TOP or HOLE 
7. TICICNESS 01 ow:-..... N/ A & TOTM. CCIII IR£COV£RY FOR IIORitll/ A • a. DEPTH .._LED rna ROCK N/ A ._ ... ,.,. or IIIP!CTOit 
I. TOTN. DEPTH 01' IG.£ 4.5' BEN LACKEY 

CL ... ICATIQN or IMTIEIM.S 
..... _ ... 

o::::z.r:::~--, I!LI!VATIQN OlPTH LI!GI!IIJ - "'i:W· ""='' "':'-• • • • • ' 
: 

0 

SP·SM/Gr~, slightly silt~ fine ~ 0 0 

0 to me 1um sand wi h 

- 0 0 some shell fragments r-0 

- 0 0 

NOTE• ~ 1 : 0 

0 0 VIBRA·CORE START TIME ~ 1-: 0 

1 11•40 ~ : 0 0 

0 

~ ...: 0 0 

NOTE• r 0 

~liBRA-CORE - 0 0 TUBE CLASSIFI ~ 2~ 
0 

BY BEN LACKEY 0 0 

r-0 

0 0 

~ : 0 

0 0 

I='" -: 0 

3: 
0 0 

~ 0 

}...: 
0 0 ~ 0 

~ : 0 0 

_: 0 

~ 0 0 - 0 r-
0 0 

~ 0 

4-= ~ 0 0 

0 

~ : 0 0 

4 0 ..5 
0 

~ 0 0 

: BOTTOM OF HOLE AT 4.5' ~ : SOILS ARE FIELD VISUALLY ~ - CLASSIFIED IN ACCORON\ICE t-
WITH THE UNIFIED SOIL 

-: 
CLASSIFICATION SYSTEM 

I='" 
: ~ ...: ~ : t-
: ~ -: r 

-: ~ : ~ ...: ~ : ~ : ~ -: I='" - t-

- r-
: ~ ...: ~ : ~ : ~ -: ~ : ~ 

ENG FORII18J6 ..,...,. .,.,_ "" _,,._ __..., 1 ........ 



...\OI-221-94 to OI-231-94.DGN  4/27/2006 10:29:36 AM

4--ti-W-

G.MIII'ICAriDN " IIArEIULI -
SP-SM. Gray. sliohtly silty 

fine sand 

SM. Gray. silty fine sand with 
soma shell 

MH, Gray, sandy slit with 
orovel 

BOTTOM OF HOLE AT 6.0' 

SOILS ARE fiELD VISUALLY 
CLASSifiED IN ACCORDANCE 
WITH THE UNIFIED SOIL 

CLASSIFICATION SYSTEM 

ENG FORU1836 ... _,. • .., .... - -•••· 

START Tit.£ 

NOTE: 
VIBRA-CORE TUBE CLASSIF 

1---,,..,-j BY BEN LACKEY 



...\OI-221-94 to OI-231-94.DGN  4/27/2006 10:27:23 AM

-No 01-229 
ORl.LING LOG ........ IISTALATOI I!"·; 1 SOUTH ATLANTIC Wl.MINGTON DISTRICT ....... 

L IPRO.IECT II. SIZE - TYI'E ar 1115"" VIBRA·CORE 120"1 
OCEAN ISLE 11. DAT\11 FQII I!LI!YATICIN SHDIIII'. It 81 
2. LOCATION c.r.llllfllft Slllllllllfl 'fts MLW 
N 3SJ 51" 59.63"" E 23"14.61"" 12. IIIMLI'.CT\RER'S KSGIATOI Clf' R.L 
J. IIILLIC IG!NCY VEIRA· CORE !SNELL) 
MOBILE DISTRICT U. TOTN. NO. Of' CM:IIt• : ......... 2 :....., ..... 
4. tCU NO.UI ............... ......:NSMMUS TME:N _,. __ , 

:o1-229 
M, TOT IlL 1U1BER CCIRE IDJI£S N/ A a .... ar DIIUER 

JERRY FULCHER • JERRY TRIM 1t. I!LIEYA'fltlll GIICUIJ WATI!It 

I. ORECTION or IG.E W. DATE tCU :STMTED •CCJIFI.i£11£0 
I]] VERTCIL [J INCLINED OEG. FIIOII VERT, ·11106/94 :11/06/94 

17'. ELEVATION Tell 01 IICIL£ 
J. TICICIIESS ar CM:IB..IIIJEN N/A & TOT.M. CCN: IECOV!ItY FOR ..... , A • I. DEPTH DILLED •TO IIIOCIC N/A .. =~~t~ ..... I. TOT M. DEPTH 0/1 ICILE . 3.5" ...... ~ -ELEVA TOll DEPTH LE - Q.Mif'ICATICIN Of' IIATEIULS RECIIV· 

-.::.::--__ , - .... ... ... ,_ 
• • • • • ' : ... SP-SM. Gray. slightly silty ~ - . fine sand with some ~ -= .. shells 

NOTE: ~ : ... 
1 VIBRA-CDRE START TIME - . 1 -.. 12:-4.4 

~ : SM. Gray. silty fine sand NOTE: 
~ : wtth orovel VIBRA-CORE TUBE CLASSIFIED 

BY BEN LACKEY ~ -: 
~ -
~ 2: ":-: r-

: 2 
~ -= - ~ 

~ ~ 
~ - ~ 

~ ~ 1-... 
BOTTOM OF HOLE AT 3.5" ~ : 

-= 
SOILS ARE FIELD VISUil.L Y ~ 

: 
CLASSIFIED IN ACCORDANCE 

~ WITH HE UNFED SOIL 

: CLASSIFICATION SYSTEM ~ -: ~ : r-
-= f-
: 

~ : 
~ -: 
~ : 
~ -= ~ : 

: 
~ -: 

: ~ 
-= ~ 
: ~ 
: ~ -: r-
: 

-= ~ : 
~ : 
~ -: 
~ : 
~ -= 1-

: 
: 

~ -: 
~ : 
~ -

ENG FORIIIIIJII ............ ,_ ME OISOLETE. -..cr 1 ........ 
-71 

_j 



...\OI-221-94 to OI-231-94.DGN  4/27/2006 10:31:41 AM

-No 01-230 
DRl.LING LOG 

........ IISTA.LATIOII 1:-'n 1 SOUTH ATLANTIC Wl.MINGTON DISTRICT 1 ....... 
1 PmiECT 11..,.- rYPE or 1115" VIBRA·CORE 120'1 
OCEAN ISLE 1L OA~ FOR ELEVATIICIN ..,...., fl al 
2. L;jt~GI~fl .... MW 
N 3 51' 49. 74" E O,e 23'14.68" 12. MMU'M:NIER"S DESIDIIATOI Clf' DILL 
J. DILLIC GIICY VIBRA· CORE !SNELL I 
MOBILE DISTRICT U. TOTA. NO. Of' OVER· :011r..-:o

1 :-,..-o 
4, tCILE 110. 1M ... • ...... - ...a:N SMFU:I TMEN .,..,_., :o1-230 

M. TOUL ...... CORE 1101!1 N/ A 
~ ltMIE Qll' IIILLIER 
JERRY FULCHER • JERRY TRIM 11. ELEVATION CIRDIIe WATER 

L .-criQN OF' MDL£ W. DATE HDI.£ :STMTEO ·CGA.ETEO 

I]] W:RTICA [J IICI.ICO I:I:G.F'IICIII W:RT. ·11106/94 :11/06/94 
17", ELEVATION TOP Clf' HCU: 

7. TICICNESS or OVEIB.Ia:N N/A •• 10111. CCII! IECOVDIY FOil IQIWIII/ A • I. DEPTH DRI.L.£0 liTO ROCK N/A .. ~· .... .:.-·· .. I. TOT 11. DEPTH Clf' IG.E 4,5' N-1 K Y 

Q.ASSIF'IICATOI Clf' MATEIIULS X CGOE ~ ·-D.EYATOI ..... LEGEIG ....... -::z::---" - .... ... -.r-
' 

: 
. . 

~ . . . SP- G~oy. ftna sand, with 

: . . some she 1 1 s ~ . . . 
~ -: • • NOTE: 

: . . . VIBRA-CORE START TIME ~ • • 
1 -. . . ~ 

SM, G~oy, silty fine sand NOTE: f-
with some orovel VIBRA-CORE TUBE CLASSIFIED 

-: BY BEN LACKEY ~ - 1 ~ 2: ~ "-: ~ : ~ ...: 
~ : f-

Y: ,_ 
MH- Gray. sandy silt with 

~ : some orovel 
~ -: ~ -
~ 4: f-: ~ 

: ~ 
p.~ 

BOTTOM OF HOLE AT 4.5' 
: SOILS ARE FIELD VISUALLY ~ 

-: CLASSIFIED IN ACCORDANCE ~ WITH THE UNIFIED SOL : CLASSIFICATION SYSTEM ~ ...: ~ : 
~ : ~ -

...: ~ 
: ~ 
: ~ 

-: ~ 
: ~ 

...: ~ 

-: ~ 
: ~ 

...: t:-
: ~ 
: ~ 

-: ~ 

-: ~ 
: ~ - 1-

ENG FORII18311 ,......, Eoroos ME OISOI.Er<. -..:cr 1 ........ _, 



...\OI-221-94 to OI-231-94.DGN  4/27/2006 10:32:28 AM

-No 01·231 . 
Dlll.LING LOG I""'TouTH ATLANTIC 

IISTM.LATOI 1:-'n 1 WILMINGTON DISTRICT 1 MEIS 
L PROJECT II. 8ZE- tYPE II' •u·· VIBRA·CORE 12D'I 
OCEAN ISLE 1L DATWI FOR D.IEYATIIDII !HDIIWar • MR1 
2.LOCAT ... ......_.~ MLW 
N 3!/J 51' 59.51"" E 8 22' 5D.89'' 12. IIIMU'M:T.-II'S DE!IGNATDI Of' 11RLL 
3. DILLIIC MI£11CY VIBRA· CORE !SNELL I 
MOBILE DISTRICT 

Q. TOT.M. NO. 01 OVIR· ·I:ISTLI&:D ·LIDSTU&O ...... ~., ...... ____ 
:o1-231 

......:N SMFLES To4IICOI : 2 : D ... -· &. 11M OF DILLIER 
M, TOT IlL tUBER CORE IDlES N/ A 

JERRY FULCHER • JERRY TRIM e. ELEVATION GIIOI.II) WATER 

I. a.:CTOI OF' IG.E .. DATI MDL£ :STMTED ·CCIIIPLE rm 
IXJ VERTICil. [J ICLIN!D D!G. F11D11 VERT. ·11/D6/94 : 11/D6/94 

17". ELEYATOI TOP or IG.E 
7. TIC:ICICSS or OVEIBIU:N N/A •• TOTN. CORE IIIECCMRY FOR ICIIIN/ A • 
I. DEPTH OALLED •TO IIIOCIC N/ A 

a -=~~~K -r•''"' I. TOT II. QEPTH Of' IG.IE . 6.5' 

Q.IISSif'ICATICIN 01 MATEIIULS ..... ...... ..... 
ELEVATION ..... ........ II£ CO¥· -· -.::::-__ , - ERY ... .._r_ 

• • • • • ' : ... SP-SM, Gray, sliQhtly silty ~ - . fine sand ~ _: .. 
NOTE: ~ : MH- Gray. sandy silt with 

Qr"OV&I YIBRA-CORE START TIME ~ 1 : 13:59 ~ 1-: 
: NOTE: 

VIBRA-CORE TUBE CLASSIFIED 
_: BY BEN LACKEY 

~ : 
~ 2: ~ '-: 
~ : 
~ _: 
~ -

~ ~ 
r-

- 1 : 
~ -: 
~ -4: ~ +-: Slit, trace of grovel ~ : ~ 

_: ~ - ~ 

~ r-
- ~ : 

~ -: 
2 ~ 6: ~ ,..: 

~ : 
~ 6.41- r 

: BOTTOM OF HOLE AT 6.5' 
: SOILS ARE FIELD VISUALLY 

-: CLASSIFIED IN ACCORDANCE ~ 
: WITH THE UNIFIED SOIL 

~ 
_: 

CLASSIFICATION SYSTEM 

~ 
: ~ 
: ~ -: ~ : ~ _: ~ 
: 
: 

~ -: 
: ~ 

_: ~ 
: ~ : r 

ENG FORII1836 ... _. EIIIIOe ............. -.oECI 1 ........ 



APPENDIX 8
1998 USACE VIBRACORE LOGS, GRANULARMETRIC 

REPORTS & GRAIN SIZE DISTRIBUTION CURVES



Hole ~o SHI-1 
DRW~G LOG 101~51011 lf'ISl.<LlATIONWILMINGTON DISTRICT ~~~(T 1 SOUTH ATLAN TIC r 1 SI1EETS 

1. PAOJtCT 10. SIZE /oHJ TYPE CF BIT 4'' VIBRACORE TUBE 20' 
SHALLOTTE INLET II. OATlllool f OR ELEIIAIION 51;0\1111'811 r¥ 1/SU 

2. lOCATION /Cr»tdlrrdt:J <T Slatlonl MLW 
E 2187021 N 57751 12. MANIA'ACTURER'S DESIGNATION CF OR Ll 

J. ORilLNC AGENC"Y VISRA-CORE <SNELL> WILMINGTON DISTRICT 
1J. TOT oll. NO. CF OVER- PfSTURBEO 1UNOISTUR8EO 

4. HOLE ~0. lA$ ~on ~rwlrg 111~ 
I BURDEN SAMPLES T AKE:N 4 0 end ffl• rr.JffiJerl SHI"1 

14. TOT.<!. NUMBER CORE BOXES N/ A 5. NAME OF" DRillER 
JERRY FULCHER 15. ELEV"T ION CROUNO WATER 

6. DIRECT ION Of HOLE 
l6; 0" TF: HOLE 1STAR TEO 1COMPLETEO 

ll¢ VC:RTIColl. D IN:t.li'£0 2/5/98 2/S/98 OF:C.fROM VERT. 
17, EL!VAION TOP or NOLE -5.0 F t. 

7. lNC~NESS or 01/ERB\JROEN N/A 18. TOToll. CORE RECOVERY f OR 80RNC N/A )'. 

8. DEPTH DRillED INTO ROC!< 0 .0' 19 , SfCNA lURE or '!SPECTOR 
9. 101.<1. O[pTH 01' HOLE 12.5' KEITH BENTON 

X CORE BOX OR REMARkS 
ELEVATION Q'™ LECENO CL,ASSf'ICAT ION or MATERioli.S RECOil · s.<MI'l.E «lt'PIIt>g 1/ml, wo/Or /aSS, ~11>11 of 

- 5. 0 
IPosa/PI'otiJ ERY NO. ... dlf2rft>g. tic.. If $/gnlf/c<T!II 

' • . I 

: 
. .. .. 

SP- Ton. coor ~e Time Begin Vibrocoring ~ ,_ 
pocr ly -- .. . . 

Qi'aded sand with she l l 8:05 hours ~ 

-= fragments 
_1_ NOTE : ~ - . . '-

: . . . . CLASSIF I ED ON 3/4/98 ,_ 
~ - BY LARRY BENJAMIN '-2--:: .... CIVIL ENGINEER TECH. f-

: 
.... t: . . NOTE: '--= Top of Hole ot ~ .. f-

: • • • I River Bottom ~ . ' 1-- ~ 

.q_: .. .. 
~ .. .. f-

: LAB CLASSIFICAT ION 1-
~ . . . 

Jar : __:: .. .. .. . Nurrbe r Classification -
: - 1- SP. 

--
: -

- 11.0 5 2 SM -
~ 

-- . ·. SP-sM Gr ayish ton medi u111. 3 SM : .. t o coar se poorly gr aded 
:--=--

Lj SP '-- . 
--: .. s~l t 1 sand. trace of f-s e l f rogrrents - ~ 

s-= .. f-
: .. ~ - 13.6 3 ~ 

- \4 .0 -Ill MH Oork gray e lastic s; I t ~ 

tt= f-
: . . . SP-Tan . ecorse pocr I y . . . graded sand 1-- 1-

10-= 
. . . 

~ . . 1-

: . .. NOTE: ~ . . Hole Termi~oled os . I: 
- .. . neces sary . or conven1ence, -

-= - . . predetermined. depth, =-or assumed v1brocore 
-
. . . rerusol. -: . . . 

: . . . NOTE: 
12-:: The Vibro core run deptll -. . . wos no t r ecorded. ~ 

- 17.6 12.6-
. -

_:: BOTTOM OF HOLE AT 12.6' -
~ - SOILS AAt FIELD VlSUALL Y -: CLASSiFt(D IN ACCORDANCE -- WITH THE UNIFitO SOIL ~ 

-= 1-CLASSIFICATIO'l SYSTEM t: -
: '-

- t-
- ~ 
: ~ 

-
f--:: 1-

- 1--- ~ 

-= --- -
: .:... 

=---:: 1-- 1: -- .. 
-= r:-

- 1-- t: -
94G FORh41636 ffi(VJWS EDitiONS ARE OBSOLETE. PROJECT 'HOl E NO. 

SHALLOTTE INLET SHI-1 loiAR 71 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS O,F ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING lN INCHES U.S. STANDARD SfEVE NUMBERS 

100 
6 4 3 2 1.5 I 3/4 1/2 3/8 3 4 6 8 10 1416 20 30 40 50 70 100 140 200 
I I I~' I I I I I I I I 1 ,I 

90 ' 
~ 

80 

""' \ 5: 70 
\ (!) 

H 
w ~ 3 

60 
\ >-co 
\ 0:: 

w 50 z 
H 
u. 

1\ t- 40 z 
w 
u 
0:: w 30 0... 1\ 

20 
\ 

10 ~ 

"' 
0 'r--
500 100 50 10 5 I 0.5 0.1 

GRAlN SIZE IN MILLIMETERS 

COBBLES I GRAVEL I SAND I 
I COARSE I FINE I COARSE I MEDIUM I FINE I 

Sample No. Depth (ft) <VISUAL) Classification Nal w% LL PL PI 

I 1.0 - 1.5 TAN POORLY GRADED SAND (SP) WITH A 11.3 

LITTLE GRAVEL SIZE AND SAND SIZE SHELL 
FRAGMENTS. 

GRADATION CURVES 

WORK ORDER! 8426 
REQUISITION: W81Lj881245987 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/ 6005 

Hole No. SHI-1 

Date 05/26/ 98 

0 

10 

20 

t-
30 J: 

(!) 

H w 
3 

40 >-co 
0:: 
w 

50 en 
0:: 
<I: 
0 
u 

60 t-z 
w 
u 

70 0:: 
w 
0... 

80 

90 

tOO 
0.001 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, lVIARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 

100 
6 4 3 2 1.5 I 3/4 1/2 3/8 3 4 6 8 10 1416 20 30 40 50 70 100 140 200 
I I I I I t-r--r-! I I I 

" 
90 1\ 

\ 
80 \ 

\ 

1\ 1- 70 :X: 
(.!) 
H 

\ w 
3 

60 
\ >-

co 
a:: \ w 50 

\ z 
H 
u_ 

\ 1- 40 z \ w 
u \ a:: 
UJ 30 Q_ 

20 

t• 
10 

0 
500 IOO 50 10 5 1 0.5 0. 1 

GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL I SAND I 
I COARSE J FINE I COARSE MEDIUM FINE I 

San1ple No. Depth (ft) (VISUAL) Classification N:uw% LL PL PI 

2 6.0 - 6.5 GRAY .. SILTY SAND <SM) WITH A TRACE OF 25.8 

MICA. 
-

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ88124598? 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. ?2/6006 

Hole No. SHI-1 

Date 05/26/98 

0 

10 

10 

1-
30 I 

(.!) 
H w 
3 

40 >-co 

so 
a:: w 
(/) 
a:: 
<J: 
0 
u 

60 1-z w 
u 

70 a:: 
w 
Q_ 

80 

90 

100 
0.001 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 

100 
6 4 3 2 1.5 I 3/4 1/2 3/8 3 4 6 8 10 1416 20 30 40 50 70 100 140 200 
I I II I ;r-1'--~ r-J. T l I I 

"":;;:::::::: 
90 

r--. 
"\ 

80 \, 

1- \ 
70 :c 

(..!) ~ H 

\ llJ 
3 

60 \ >-co 
a:: \ 
llJ 50 z 
H 
LL.. 

1- 40 
\ z 

w 
u \ a:: 
llJ 30 a.. \ 

20 \ 

10 

0 
500 100 50 10 5 I 0.5 0.1 

GRAIN SlZE lN MILLIMETERS 

COBBLES I GRAVEL I SAND I 
I COARSE I FINE I COARSE MEDlUM T FINE I 

Sample No. Depth (ft) <VISUAU Classification Nat w% LL PL Pl 

3 8.5 . 9.0 GRAY SILTY SAND <SM ) WITH A TRACE OF 34.4 

GRAVEL AND SHELL FRAGMENTS. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CL/\ Y 

Project SHALLOTIE I NLET 

WI LMINGTON DISTRICT 

Lab No. 72/6007 

Hole No. SHI-1 

.Dare 05/26/98 

0 

10 

20 

1-
30 I 

(..!) 
H 
llJ 
3 

40 >-co 
a:: 
llJ 

5() en 
a:: 
<t 
0 
u 

60 ....... 
z 
w 
u 

70 a:: 
w 
a.. 

80 

90 

100 
0.001 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING lN INCHES U.S. STANDARD SIEVE NUMBERS 

100 
(i 4 3 2 1.5 I ~/4 l/2 3/8 3 4 6 8 10 14 L6 20 30 40 50 70 100 140 200 
I I I I II I I l ~ -, 1 I 

90 
[\ 

\ 
80 

I- 70 ::r: \ t!) 
H 
w 
3 

60 
1\ >-co 

c:r \ w so 
\ z 

H 
lJ.. 

' I- 40 z \ w u 
\ c:r w 30 0... 

20 1\ 
\ 

10 
\ 
~ 

0 
.. 

500 tOO 50 10 5 1 0 .5 0.1 
GRAIN SlZE IN MJLLJMETERS 

COBBLES 
GRAVEL I SAND I 

COARSE I FINE I COARSE MEDIUM T FINE I 
Sample No. Depth (ft) <VISUAL) Classification Nat w% LL PL PI 

4 9.0-9.5 GRAYISH TAN . POORLY GRADED SAND <SP). 16.8 

GRADATION CURVES 

WORK ORDER : 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CLAY 

Proj_ect SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/ 6008 

Hole No. SHI-1 

Date 05/ 26/ 98 

0 

10 

20 

1-
30 :r: 

t!) 
H 
w 
3 

40 >-co 
c:r 
w 

50 (f) 
c:r 
<I: 
0 
u 

GO f-z 
w 
u 
c:r 70 w 
0... 

80 

90 

100 
0.001 

I 



Hole ~o SHI-2 l 
ORLllltocG LOC IO!VISI)H 

SOUTH ATLANTIC 
NST.AI.lAn~ ~~m 1 WILMINGTON DISTRICT lor l SHEETS 

1. PROJECt 10 , SIZE f/'10 TYPE f':F BIT 4" VI8RACORE TUBE 20' 
SHALLOTTE INLET 11. OATUI.l fO~ E~EVATIQI SHOWR"BII tr IISLI 

2- lOCATION ICrzmJinrl«f u !1atloi1J MLW 
E 2187299 N 57375 12. MANUf ACT URE!l'S OESlGN ATON CF llRL L 

3. ORILlNG AGENCY VIBRA-CORE <SNELLl WILMINGTON DISTRIC1 
lJ. TO T,ot NO. r:F OVER· OtSTU~D UNOISTIJRB£0 

4. Hll.E NO. Ills s,_ on driHI'V /Hio 
SHI-2 

BURDEN SAM~es T Ai<£N 0 <Hid fllo flllfi>ltJ 
14. TOT .AI. NUIIBER C:ORE BOXES N/A 5, NAIIE or DRilLER 
IS. ElEYATON GROUND WATER JERRY FULCHER 

6. OjR(CT ON Of HOLE 16 . DATE HOLE STARTED COM~ETEO 

00 vERTICAL. 0 INil.IN£0 D£G, fROI.I 1/ERT. 2/5/98 215198 
17. (l(VAHl .. To:> f':F HO.E -5 .6 Ft. 

7. 'O< C KH($5 f':F OVERSUROEN N/A 18. TOTAL COR£ RECOVERY tOR BCJ'!NC N/A 1-
8. DEPTH DRillED INTO ROCK 0.0' 19. SIGNATURE Of NSPECTOR 
9. TOTAL DEPT)'I Of HOLE 11.2 ' KEITH BENTON 

Q.ASSFICATON Of I.IATERIALS 
~ CORE SOX OR REMARKS 

ElEVATION DEPTH lECENO llECOV· SAI.IPLE rDrtN/f>1 11.-. .-ollf /CI:s, dlfJlh or 
-5 ,6 0 

ro.sa-tf){/0/IJ ERY NO. -If 119. •c.tt &/grl(fctTV I 
< . . ; - .. . Time Began Vibr ocoring @ t:: .. SP-Croyish ton. coarse -- .. . poor l-y graded sand 9 :55 hours 1-

-= ... with shell fragments 1--- NOTE: ~ - . . _1_ CLASSIFIED ON 3/5/98 
1-

: ... 1-.. BY LARR Y BENJAMIN = 2~ . . . CIVIL ENGINEER TECH • -
- ... = - .. -- .. . NOTE: -- . Top of Hole ol -- .. . -- . . River Bottom '-
- -

4-= 
. . . 1-' . c.._ 

- '-- .. ,._ 
- ... LAB CLASSIFICATION ,._ - .. t_ - .. . .Jar : '-. 

Nurrber Clossificolion = - .. . 
1 SP -6-= . . . 

~ - 2 SP f-- .. . f-- . 1-
- .. f-

- . . 1-
: . . ~ - ... 1-s-= ~ 

1-
- Trace of snell frogrrents r: - . . 1---- .. . 1-- NOTE: 1-

- . Hole Termi7oted as . 1-- . . necessary or conventence, t:: - predet ermined. depth, - . . . 
or ossP.med v1brocore 1-

10-= . . 
refuse. 1-

1-
- . . NOTE: 1-- .. . Tbe Vibrocore r un deptll 1-- -

1,~~ 
.. wos not recorded. --

- 16.8 -: BOTTOM OF HOLE AT 11.2' --
SOilS ARE FiELD VISUALLY 

-- -- CLASSIFIED IN ACCORDANC E --
WITH THE UNIFIED SOIL 

'-
- t _:: CLASSIFICATIQII SYSTEM 1-- f-
: f-

1-
- 1-

-: 1-,._ 
- f-
- 1-- ,._ 

- 1-
- r: : 1-
- 1-

-: 1-
f-

- t:: : 1-- r=--- 1-

: 1-

~ -: 1-- t: : 1-- r=--- 1-
- 1-- I-

E~G ro~183s PRfVIOJ S EDITIONS ARE OBSOlETE. Pf!OJECT IHOt.l NO. 

SHALlOTTE INLET SHI-2 MAR 71 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 

100 
6 4 3 21.5 I 3/4 1/2 3/8 3 4 6 8 10 1416 20 30 40 so 70 100 140 200 
I I r- r-1 , _ _II 1 1 I I II I I I I 

--........ 
90 

i'-1'-. 

80 
'1"1. 

1\ 
... 70 ~ I \ (.!) 
H 

~ w 
3 60 

\ >-
aJ -

\ 0:: 
w 50 

\ z 
H 
IJ.. ... 40 z 
w 
u 
0:: w 30 0... \ 

20 \ 
\ 

10 \ 

"" 0 ~'r-
500 100 50 10 5 I 0.5 0.1 

GRAIN SIZE IN MILLIMETERS 

COBBLES 
GRAVEL I SAND I 

COARSE I FINE I COARSE MEDIUM I FINE I 
Sample No. Deplh ( ft) <VISUAL) Classification Natw% LL PL PI 

l 1.0 - 1.5 GRAY POORLY GRADED SAND <SP) WITH A 19.2 

TRACE OF GRAVEL SIZE AND SAND SIZE SHELL 
FRAGMENTS . 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMF.TER 

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6009 

Hole No. SHI-2 

Date 05/26/ 98 
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DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 
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GRAlN SIZE IN MiLLIMETERS 

COBBLES I GRAVEL J SAND I 
I COARSE I FINE I COARSE MEDIUM I FlNE I 

Sample No. Depth (ft) (VISUAU Classification Natw% LL PL PI 

2 8.0 ° 8.5 GRAY, POORLY GRADED SAND <SP). 19.3 

GRADATION CURVES 

WORK ORDERt 8426 
REQUISITION : W81LJ881245987 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6010 

Hole No. SHI-2 

Date 05/ 26/98 
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---- ---- ----------------------
Hole ~o SHI- 3 

ORLLI~C LOC I DIVISOH I~STAI.LATlClN l~Ei , SOUTH ATLANTIC WILMINGTON DISTRICT OF 1 SHEETS 

1. f'l«l.IECT 10. SI-ZE ~ TYPE CT BIJ 4" VIBRACORE TUBE 20' 
SHALLOTTE INLET II. DATOt.A FOR ELEVATIO< SHOWtr!W tr IISU 

2. ~OCATION l(;oordfrao:r tr 9o/lcn) MLW 
£ 2186432 N 57188 12. MANUF ACTUR(R'S DESIGNATON CT ORLL 

3. ORILLNC AGENCY VIBRA-CORE <SNELL> WILMINGTON DISTRICT IJ. TOtAl NO. CT OV~· DISTURBED UHOJS fURBEO 
-'\, HCLE NO. lAs SIIO<In 011 d/'f><llr<J llf/o 

SHI-3 
SUROE!t ~Pt.(S TAKEN 2 0 Ml fl~ t~J~rMrl 

1~. TOTAL NOt.ABER CORE BOXES N/A $ . j<AME OF DRILLER 
15. ELEVATON CROUr«l WATER JERRY FULCHER 

S, DIRECTON OF HOLE 16. DATE HOLE STARTED OO!o~PL ETEO 

0(1 VERTICAL 0 INCLIIIEO 215/98 2/5/98 OEG. FRO!ol VERT. 
17. ElEVA! llN TCP CT HCLE -5.8 Ft. 

7, THICKNESS CT OVERBURDEN N/A 18. TOTAL CORE RECOVERY FOR BORNC N/A X 
8, i)(PT H DRILLED tN'TO ROCK Q _Q' 19. SICNAT URE OF NSPECTOR 
9. TOTAL DEPTH OF HOlE 4.1' KEITH BENTON 

Q.ASSf'ICATil~ Of' ~ATERIALS 
~ CORE BOX OR RE~jAR!(S 

ELEVATION QTH LEOENO RECOV · SAMPLE /Orl/1/r>g n,...- , .... dt¢1 of 

-5.8 !Oestrl/lflon/ ERV HO. 'f"oi/Orlr>g.dc. If Sl9r"f/<:alll . • . I . 
- . . . . SP-Tan . coarse pocr I y Time Began Vibracoring ~ f-- . ' 

8:42 hours - .... graded sand wjth shell 
- . NOTE: -:: .... fragments 1--

- .. . . CLASSIFIED ON 3/4/98 
: BY LARRY BENJAMIN 

1-..... 
~ CIVIL ENGINEER TECH. -. . 

: .. ... 
1 -- . NOTE: = _: 4 • •• 

Top of Hole at .. .__ --.... River Bottom -: . . 
= z-: . ' . . L AB CLASSIFICATION . ' -

- . . Jar t - .. .. Nurrber Clossific o tion 
~ - .. -,- SP -

- . . . ,... 
- . . 2 sc ~ - .. . . 
- . . 

'-3-: 1--. . f-
- .. . 

1-- . -9-2 -

I 
1--

: SC-Brown fine to medium 2 1-

~ 
c l ayey sand with rock - fragments 1-- 1-

-9.9 Ll -= 1--
<LI 

~ : BOTTOM OF HOLE AT 4 .1' NOTE: 
- SOILS ARE FIELD VISUALLY Hole T ermi~aled as . f-

-:: CLASSIFIED IN ACCORDANCE necessary. or conven1ence, 1--
predetermined. dep th, t: - WITH TH£ \.JNIF'IEO SOIL or assumed Vtbrocore -

CLASSIFICATION SYST£'-1 
refusaL 

1--= NOTE: f-- The Vibracore run depth f-- wos not recorded. 1--- =--: -- = : -- =-: 1-

- = -- 1--
- f-
: f-

1-
- f-

-: 1--
1-- f-

- f-- 1-- f-
- f-
: 1-

f-. - I:'--:: 1-
- t: : f-- ~ -
- 1-
- 1-- t=--:: f-- t: : 1-- I=--
- 1-- 1-
- f-

E~C f'O~ 1836 PREVIOUS £01TIO'l$ AA£ OBSOLETE. 
PROJECT j~<OL( t<O. 

MAR 71 SHALLOTTE INLET SHI-3 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 

100 
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500 100 50 10 5 I 0.5 0.1 

GRAIN SIZE IN MILLIMETERS 

COBBLES 
I GRAVEL I SAND I 
I COARSE I FINE I COARSE MEDIUM I FINE I 

Sample No. Deplh ((t) <VISUAU Classification Nat w% LL PL PI 

1 1.0 . 1.5 TAN. POORLY GRADED SAND <SP) WITH A 17.0 

TRACE OF SAND ST7F SHFLL FRAGMENT~ 

GRADATION CURVES 

m 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

-

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/ 6011 

Hole No. SHI-3 

Dale 05/26/98 
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DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 

100 
6 4 3 2 1.5 I 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200 
I I ~I I I I I I I I I I :I 
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" ffi 30 0.. 
b 

20 

10 
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500 100 50 10 5 I 0.5 0.1 

GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL r SAND I 
I COARSE I FINE I COARSE MEDlUM I FINE I 

S~mple No. Depth (ft) <VISUAU Classification Nat w% LL Pl PI 

2 3.4- 3.9 TANt CLAYEY SAND <SC)t WITH A LITTLE 18.1 

GRAVEL. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: WB1LJ881245987 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6012 

Hole No. SHI-3 

Date 05/26/98 
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Hole ~o. SHI-4 
lo.ll' jooVJSOrl INST~LATitJol JSHEET 1 

ORLLI.~ LOG 1 SOUTH ATLANTIC WILMINGTON DISTRICT lor 1 sKEos 
l. PROJ(Cl 10. SlZf: N<O TYPE ex' BIT 4" VlBRACORE TUBE 20' 
J--_,:,!S~H!.!:Al~l~O!...!T'-'T~E:......!IN~L£!:.T.!..._ _________ -11l· DMIM fOR ElEV,.TIO'I s110wrnw !7IISLJ 

2. LOCATIOriiC~ttdes rr Sloflo(l) ML W 
J-!:.E~2~18~-!.../:>!Q.!.11!_.!.N::!._.;5~6>!..!-7.=2:>!6~----------112, I.IAMJ!'ACTURER'S 06SJCNATON Of. DIRt 

3. ORILLr<C AGENCY YIBRA- CORE (SNELU 
WILMINGTON DISTRICT 13. TOTAL 110. r:F OVf:"R· 04STVRBEO t.WISTUR!lEO 

s. NA.\IE OF DRILLER 1-4. TOTAL i'AJI.IBER CORE BOXES N/ A 
JERRY FULCHER 15. E"LEVAroN CRO\Hl WillER 

6 . DIRECT ON Of HOLE 16. OAT( t;OLE Sl AA TEO COMPLETED 
00 V£:fHICAI. 0 IIIOLINEO DEC. FROM VERT. I-------___,.::2.:..1.::::5.:..1.::::9::::8 _ _ _ __,2:..:1_,5:..:/_,9::_::8::..__-J 

17. El£1/ATON TCP Cf' 11Ci.E -2.4 FL 
7. THCi<NESS CF OV(Ra)ROEN N/ A 18. TOTAL CORE RECOVERY fOR BOR NC N/ A 
~8.=-=0E:...P.:....T H_:ORJ::.._:_:Ll:..::.(O:....;;,Ii'IT;_;:O_;R:..::.CC:.;.i<_~Q~. Q"-'---------119. SIGNATURE OF NSPECTOR 

9. TOTAL OEPT11 OF HOLE 11. 7' KEITH BENTON 

ELEV"TION 

- 2.4 

-14.1 

. . . - .. 
- " .. . - . 
--·· . - . - ... - .. 

2 _: .. ... · 
: · .. " 

=· .. 
- . - ... - . 
: .. .. 

4 -= ~ ' 
: . ~ 
- .. - . - ·· . . - .. 
: ... .. · 

6 - . . . . 
~ .. 

- .. 
- . - ... 

- . . 

ClASSF1CATDN OF MATERIALS 
IO.sa/pl/onJ 

• 
SP- Ton. coarse poorly 

qroded sand trace of 
sl"le 1 1 fragrrent-s 

1- CORE BOX OR 
RECOV· SAMPLE 

ERY 110. . ' 

1---

J_ 

~ t-=--

REMARKS 
/Dtl/1/r>g lltrfl,tiO/V las.l.di$)(11 of 
-ltrrlnv.dc.. /1 •"Jnlf/Caill . 

Time Began Vlbrocoring 6'1 ~ 
9 :25 hours 

NOTE : ~ 
1-

CLASSIFIED ON 3/4/98 ~ 

I:: BY LARRY BENJAMIN -
CIVIL ENGI NEER TECH . --
NOTE: : 
Top of Hole ol -
River Bo(tom : 

: 
LAB CLASS I F I CATION ~ 

~ 

Jor ~ 

Nurrber Classification ~ 

'---,- SP -
~ 

-
~ 

~ 
f-
f-
~ 
f-
f-: .. .. 

- . .'... t:: s-= . . ,_ - .. • . t:: 
: .. .. .. f 1-

- . . ~ ~ 
~.' . . 3 NOTE: ~ 

- • ·' • !---"'--Hole Terminated as . ~ 
- • • necessary ror conven1ence, f-1 o-=.. . . predetermined. depth. f-
- • • or fossiJmed v1bro core ~ 
_ , , • , re USOI. f-

- • • NOTE: : 
....:::.. • • • • The Vlbrocore run depth -

- wos not recorded. -- -
1 ' 7 ~- --~--B-O_T_T_O_M __ O_F_H __ O_LE __ A_T __ 1_1._7'~----t---,r-------------------C_ 

- ~ 
-- SOILS liRE FIELD VISUALLY '-

-- CLASSIFIED IN ACCORDANCE _ 
_: WITH THE UNifiED SOIL ~ 

- CLASSIFICATIQII SYSTEM ~ 
- f-- ~ 
~ f-
: ~ - ~ -= ~ - t:: 
: f-
- ~ 
~ f-

- t:: 
: f-

~ ~ 
- f-

: t:: 
~ ~ 
- t:: 
: f-

- ~ 
: f-

: t:: 
E~C FO~ 1836 PREI!Irus EDITIONS ARE oBSOLETE. PROJECT 

SHA.LLOTTE INLET 
li'<llt NO, 

SHI - 4 I.IAA 71 



GRAIN SIZE DISTRIBUTION TEST REPORT 
s 

" c: c 
• (\J - -~ c c:: c ' c 0 0 ·- ~ - ... N ID 2 0 0 0 v 0 

I 

-~ ...... ' .... (\J ... ID "' 100 <0 m "' ... - m .. ~ .. .. .. .. ~ 
...... 

90 ~ 
: 

' 80 

70 " 0: 
w 
~ 60 

: 

lJ... 

f-
z 5 0 w 
u 
a: w .!1 (' 
0.. 

3 0 

20 \ ,. 
10 ~ 

0 
~ 

200 100 10 . 0 1. 0 0 . 1 0 01 0 . 001 
GP.A I N SIZE - mm 

Test % +3" % GRA VEL % S.AND % S ILT O• CLt:i.Y 0 

• 1LI 0.0 0 . 5 98 . 8 0 7 

LL PI Des 060 D5o D3o D15 D1o Cc Cu 

• 0 52 0 . 36 0 . 32 0 . 261 0 ' 1919 0 1704 1 . 12 2 1 

MAT ERIAL DESCRIPTION uses A.ASHTO 

• Tan Poorly Graded Sand WJt h sne11 Fragment s SP 

Projec t No .: 50160-8- 0025-W01-830 Remarks: 
Project: ShalJote In] et. Brunsw:ick, NC Tested b y : S't- C. A-
• Locat1on: SHI--4 ..Jar Sample 1 @ 1. 0- 1 .5 Ft 

H::i Re vjewed tly : 

Date: Feb . 20. 1999 

GRAIN SIZE DISTRIBUTION TEST REPOR T 

LAW ENGINEERING. INC. Figure 1'10 . 



Date : 
Project No.: 
Project: 

Location of Sample: 
Sample Description: 
uses class: 
AASHTO Class: 

GRAIN SIZE DISTRIBUTION TEST DATA 

Feb . 20,1999 
50160- 8-0025- W01-830 
Shallote Inlet,Brunswick , NC 

Sample Data 

SHI - 4 Jar Sample 1 @ 1.0- 1.5 Ft. 
Tan Poorly Graded Sand with Shell Fragments 
SP Liquid limit: 

Plasticity index: 

Notes 

Remarks: Tested by :Jt..Reviewed by: H j" 
C. A 

Fig . No.: 

Mechanical Analysis Data 

Initial 
Dry sample and tare= 303.47 
Tare = 0.00 
Dry sample weight = 303 . 47 
Tare for cumulative weight retained= o 

Sieve Cumul. Wt. Percent 

0.75 
o. 375 
# 4 
41 10 
# 20 
41 40 
# 60 
# 100 
# 200 

inches 
inches 

retained finer 
o.oo 100.0 
0.39 99 . 9 
1.48 99.5 
3 . 40 98.9 

12.67 95.8 
82.80 72 . 7 

224.19 26 . 1 
290.46 4.3 
301.34 0 . 7 

Fractional Components 

% + 3 in. = 0.0 
% FINES= 0.7 

D85= 
D30= 
Cc = 

0 . 52 D60= 
0 .2606 D15= 
1.1220 cu = 

% GRAVEL = 0.5 % SAND= 98.8 

0.355 D50= 0.320 
0.19187 D10= 0.17041 
2.0845 

Test No . : 14 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD srEVE OPENING lN fNCHES U,S. STANDARD SJEVE NUMBERS 

100 
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I I II T' I I I 11 [I I l I I 

....... 

90 
t. 
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GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL I SAN D I 
I COARSE I FINE I COARSE MEDIUM PINE I 

Sample No. Depth (f!) <VISUAL) Classification Nat w% LL PL Pr 

2 5.0 - 5.5 TAN, POORLY GRADED SAND <SP). WITH A 18.2 

TRACE OF GRAVEl SIZE AND SAND StZE SHFI L 
FRAGMENTS. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.01 0.005 

SlLT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRI CT 

Lab No. 72/6013 

Hole No. SHI-4 

Date 05/ 26/ 98 
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==-===-====---=-==-=·===-====-===-=====-==-=:.=.=:=.==.==----====-=======----=~=-= 

Date: 
Project No. : 
Project: 

GRAIN SI ZE DISTRIBUTION TEST DATA 

Feb.20,l999 
50160- 8-0025-WOl- 830 
Shallote Inlet,Brunswick,NC 

=:::========-=========-==-===== 

Sample Data 

Test No.: 15 

----------------------------------------------------------------------------~--
Location of Sample: 
Sample Description: 
uses Class: 
AASHTO Class: 

SHI-4 Jar Sample 3 @ 9.0-9.5 Ft. 
Tan Poorly Graded Sand with Shell Fragments 
SP Liquid limit: 

Plasticity index: 

Notes 

Remarks: Tested by:cAReviewed by: H.::r 
al-

Fig. No.: 

Mechanical Analysis Data 

Initial 
Dry sample and tare= 338 . 90 
Tare = 0 . 00 
Dry sample weight = 338.90 
Tare for cumulative weight retained= 0 

Sieve cumul. Wt. Percent 

0.75 
0.375 
# 4 
# 10 
# 20 
# 40 
# 60 
~ 100 
# 200 

inches 
inches 

retained finer 
0.00 100.0 
0 . 73 
3.01 
6 . 41 

15.38 
73.85 

203.92 
316.75 
335.47 

99.8 
99.1 
98 . 1 
95.5 
78.2 
39.8 

6.5 
1.0 

Fractional Components 

% + 3 in . = 0.0 
% FINES = 1. 0 

D85= 
D30= 
Cc = 

0.48 060= 
0.2143 015= 
0.9131 Cu = 

% GRAVEL = 0 . 9 % SAND = 98.1 

0.320 D50= 0 . 282 
0.16982 010= 0 . 15722 
2~ 0347 



GRAIN SIZE DISTRIBUTION TEST REPORT 
c 

c: c c 
• N ...... .... -c E c: ..... c 0 0 

·~ - -~ "' CVID 0 0 0 0 ,. 0 

' -iii ' ..... .,. N ..,. ID N 

100 <0 1'1 <II .... - , "" "" "" "' .. -. "' 
..... 

90 ~ 

' 80 ~-
~ 

70 ' a .i\ w 
~ 60 
LL 

: 
f-
z 50 
w 
(.J 
cr: 
w 4 0 
D... \ 30 , 

20 ' 
10 

-

' 0 
200 100 10 . 0 1.0 0. 1 0 . 01 0.001 

GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % SILT 0 1 
10 CLAY 

• 15 0.0 0 . 9 98 . 1 1. 0 

LL PI Ds5 060 D5o 030 015 010 Cc Cu 

• 0 . 48 0 . 32 0 . 28 0.214 0 1698 0 1572 0 . 9 1 2 . 0 

MATERIAL DESCRIPTION uses .A.ASHTO 

• Tan Poorl y Graded Sand W) th Shell Frag me nt s SP 

Project No .: 50160-8-0025-WQ j-830 Remarks: 
Pr·oject: Sha llote Inlet. Brunswick, NC Tested by: CA- :::; t.-• Location: SHI-4 Jar Sample 3 @ 9 .0-9.5 Ft . 

Reviewed by: H:f 

Date: Feb . 20, 1999 

GRAIN SIZE DISTRIB UTION TEST REPORT 

LAW ENGINEERING. INC. Fi gure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
c . 

c c c 
C\J --c c c ' c 0 0 ..,... ,. rJ CD 0 0 0 0 "'" 0 

100 
I - ~- ::::-;; ~ C\J .., ID ;;. "' UJ fT] "' - ., 

"' "' 
,. 

"' 
,. -

90 ~ 

' 8 0 

70 I' a: 
w 
~ 60 

: 

lL 

I-
.:;. 5G· 
w 
LJ 
cr -w .oll.l 
a. 

I 3(J 

20 \ , 
10 \ 

0 " l 
c'OC• 100 :tO 0 1.0 0 - 1 0 01 0 OO i 

GRAIN SIZE - mm 

Test o • 
/0 +3 H O • r... GRA.VEL % SAND "' /0 SILT Oo 

lu CL 6..Y 

• 14 0 . 0 0 . 5 98 8 0 -I 

LL PI 085 060 050 030 015 D10 Cc Cu 

• 0 . 52 0 36 0.32 0 . 261 0 . 1919 0 1704 1. 12 2 1 

MATERIAL DESCRIPTION uses AASHTO 

• Tan Poorly Graded Sand WJ.th Shell Fragment s SP 

Project No.: 50160-8-0025-WO:t-830 Remarks: 
Project: Shallote Inlet , Brunsw1ck, NC Tested oy· ;St... C. A-• Locat1on: SHI-ll .Jaf' Samp le 1 @ 1.0-1 .5 Ft 

H:r Reviewed t•y: 

Date: Feb 20, 1999 

GRAIN SIZE DISTRIBUTION TEST REPORT 

LAW ENGINEERING. INC. F1gure No. 



=·=-=-=='=================-=---==-============--====-===:::-=-====-=-========::;====-= 

Date: 
Project No . : 
Project: 

GRAIN SIZE DISTRIBUTION TEST DATA 

Feb.20,1999 
50160- 8 - 0025-W01 - 830 
Shallote Inlet,Brunswick,NC 

Test No.: 14 

=====================~=====~======~=~==~==========~===~==~===========:======~ 

Location of Sample: 
Sample Description: 
uses Class: 
AASHTO Class : 

sample Data 

SHI-4 Jar Sample 1 @ 1.0-1 . 5 Ft. 
Tan Poorly Graded Sand with Shell Fragments 
SP Liquid limit.: 

Plasticity index: 

Notes 

Remarks: Tested by :rL.Reviewed by: /7 S 
C. A 

Fig. No. : 

Mechanical Analysis Data 

Initial 
Dry sample and tare= 303 . 47 
Tare = 0.00 
Dry sample weight = 303.47 
Tare for cumulative weight retained= 0 

Sieve Cumul. Wt. Percent 
retained finer 

0.75 inches o.oo 100.0 
0.375 inches 0.39 99.9 
# 4 1.48 99.5 
# 10 3,40 98 . 9 
# 20 12.67 95.8 
4t 40 82.80 72.7 
# 60 224 .1·9 26 . 1 
# 100 290.46 4.3 
# 200 30l. 34 0.7 

Fractional Components 

% + 3 in. = o.o 
%FINES= 0.7 

D85= 
D30= 
cc = 

0.52 D60= 
0.2606 Dl5= 
1.1220 cu = 

%. GRAVEL = 0 . 5 % SAND = 98.8 

0.355 D50= 0.320 
0.19187 DlO= 0. 17041 
2.0845 



GRAIN SIZE DISTRIBUTION TEST REPORT 
c: 

c e: e: 
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GRAIN SI ZE - mm 

Test % +3" % GRAVEL % SAND % SI LT ... CLA Y .10 

• 15 0 .0 0 . 9 98 . .1 1 0 

LL PI Des 060 Dso D3o 015 010 Cc Cu 

• 0 48 0 . 32 0 28 0 . 214 0 . .1698 0 . .1572 0 . 91 2 . 0 

MATERIAL DESCRIPTION uses AASHTO 

• Tan Poorly Graded Sand wlth Shell Fragments SP 

Project No .: 50160-8-0025-WOl-830 Remarks: 

ProJect: Shallote In 1 et , Srunswi ck, NC Test ed by CA- ::; " • Location: SH!-4 Jar Sample 3 @ 9 . 0-9.5 Ft_ 
Reviewed by: ft:( 

Date: Feb . 20, 1999 

GRAIN SIZE DISTRIBUTlON TEST REPORT 

LAW ENGINEERING. INC. Figure No. 



Date: 
Project No. : 
Project : 

GRAIN SIZE DISTRIBUTION TEST DATA 

Feb . 20,1999 
50160- 8-0025- WOl - 830 
Shallote Inlet ,Brunswick,NC 

==-====== 
Test No.: 15 

====-====-=-=.=======-==========~===-=======-===---==~===-=-=-======--==--==-== 

Location of Sample : 
Sample Description: 
uses Class: 
AASHTO Class : 

Sample Data 

SHI-4 Jar Sample 3 @ 9.0- 9.5 Ft. 
Tan Poorly Graded Sand with Shell Fragments 
SP Liquid limit: 

Plasticity index: 

Notes 

Remarks: Tested by: C:.,( Reviewed by: H::r 
~ 

Fig. No.: 

Mechanical Analysis Data 

Initial 
Dry sample and tare= 338 . 90 
Tare = 0.00 
Dry sample weight = 338 , 90 
Tare for cumulative weight r e tained= 0 

Sieve Cumul. Wt . Percent 
retained finer 

0 . 75 inches 0.00 100.0 
0.375 inches 0.73 99 . 8 
4t 4 3 . 01 99.1 

* 10 6.41 98 . 1 
# 20 15.38 95.5 
-# 40 73.85 78.2 

* 60 203 . 92 39.8 
# 100 316.75 6.5 

* 200 335.47 1.0 

Fractional Components 

% + 3 in. = 0.0 
% FINES = 1. 0 

085= 
030= 
Cc = 

0.48 060= 
0.2143 015:= 
0.9131 cu = 

% GRAVEL= 0.9 % SAND = 98.1 

0.320 D50= 0.282 
0 . 16982 DlO= 0.15722 
2.0347 



Hole ~o SHI-5 
DRLLI~G LOG J OIVIS.ON INSTALLATIO. l:m , SOUTH ATLANTIC WILMINGTON DISTRICT F 1 WKTS 

I, PROJECT 10. SIZE NolO TYPE CF BIT 4" VIBRACORE TUBE 20' 
SHALLOTTE INLET 1L DATUM FOR E.LEVI\ltCJI.I SHOWifBII tT IISU 

2. L0CAT10N (CID' .. Mt:s tT 9a/fcp/ MLW 
E 2187628 N 56867 12. M»U'ACTURER'S OESICI<AfiON CF DIILL 

J . ORILLNC AGENCY VIBRA-CORE (SNELU 
WILMINGTON DISTRICT 

IJ. TOT AI. NO. CF OVER· DISTURBED UNOJS TURSEO 
~. Ha.E NO. I.M st-o on tJra-t~ro In/< 

SHI-5 
BURDEN S AMf'LES T .AKEN 2 0 ant~rn.,_,, 

14. TOTN. NUMBER CORE BOXES N/ A 5. NAME OF ORIU. £R 

JERRY FULCHER 15. ELEVATON GROUND WATER 

6. OIRECT OI< Of' 110l( 
16. DATE HOLE STARTED COWPttTEO 

t(J VERTICAL 0 INCLINED DEC . FROM VERT. 215/98 2/5/98 
17. ELEVATON TCP CF HQE -2,7 Ft. 

7. THC KNESS r:F OVEF!B\JROEN N/A lB. TOTN. C:ORE RECOVERY f'OR BCRNC N/A :< 
8. DEPTH DRILLED INTO ROCK 0,0' \9. SIC>IAI URE OF NSPECTOR 
9 . TOTAL DEPTH OF HOLE 11.0' KEITH BENTON 

l CORE BOX OR REMARKS 
ELEVATION . ({Tii LECENo CLASSFICATON OF t.IATERIN.S RECOY- SAWPLE /{)rl/llrq lima, wtdor las$. d- cr 

IDescrl/!lbi>J ERY NO. .,.Oit'eflrq, ~c.. I( <l()nl(l<mll -2.7 . . . I • 
- . . . poo- l y Time Began Vibrocoring e ~ SP-Ton , coarse 1-: .. . graded sand with shell 10:15 hours ~ . . 

NOTE : I:-- f r agments r--,-- .. . 
- CLASSIFIED ON 314198 ~ - .. 

~ 

f-- . . BY LARRY BENJAMIN 
2 -= r-. . . . 

CIVIL ENGINEER TECH. r:-- . .. . . - 1--
NOTE: 

1-- ... .. r-- Top of Hole at 1---
- •• * I 1-- . . River Bottom ~ - 1-

.q -=: .. ~ 

- .. .. , ~ - . 
LAB CLASSIF I CATION ~ - .. . ~ 

_: . . 
Jar 

1-
• • • l 1--- . . Nurroer Classification ~ 

1-: -,- SP ~ 

6-= . . . .. ~ - 1-- .. . 
~ - . 

- .. ' 1-- r:-: ... _.. 
~ 

- .. . . ~ s-= .. 1---
- . . . " 1-- . NOTE: ~ 
: . - " ' Hole Termi7oted as . 1-

necessary or conven•ence. ~ . . 
t:-- ... . gredelermined,bde~th, : .. r assumed VI ro ore 1-- refusol. ~ 

10-= 
.. 

NO TE: 1-

~ The Vibrocore run depth 1---
was not recorded. 1: - .. . -=- 1-- . 

f:--13.7 1 1 - . 
1-- BOTTOM OF HOLE AT 11.0' 
~ --

SOILS ARE F'IELO VlSUALLY f--
~ CLASSIFIED IN ACCORD/INCE 1---

- WITH THE UNIFIED SOIL ~ - CLASSIF'ICATION SYSTEM 1-- ~ -: 1-- I= -
- 1-- ~ -- 1-- 1-- I:--- 1-- f-- 1-

-= 1-r:--
: 1-

I= -
1--~ 1-- ~ 

: ~ 
1-- 1--- 1-- 1-- t: -

-: 1-

t: -
~ : 1-

E~G F0~1836 PREVIOJS EDinONS AAE. OBSOLETE, PROJECT IHOLE NO:_ 
SHALLOTTE INLET SHI 5 

k7tsekjk
Note



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

!Test % +3" % GRAVEL % SAND 01 
/ c SILT I % CLAf 

• 1 6 0 0 0 9 98 . 0 j j 

LL P I Des D6o Dso D3o D1s D1o Cc Cu 

• D 42 0 . 25 0 . 22 0 . 183 0 . 1576 0 1490 0 91 1 6 

MATERIAL DESCRIPTION uses AAS HTO 

• Tan Poorly Graded Sand WJth Shell Fragments SP 

Pro j ec t No . : 50160 -8-0025-W01- 830 Remarks: 

Project: ShalJote Inlet, Brunsw)ck. NC Tested by· cA .;j(, 
• Loca tion: SHI-5 Jar Sa mpJe f @ 10.0-10.5 Ft . 

'},. Reviewed by: }1:[ 
111"' ~ · 1-, N C as Pf.A f. ~ ,,., ; 

. I t..•W 
Date: Feb 20, 1999 -j'olo f\ [) r;;.,, 'f 1 1 

111-~1~, tJI.JII,. 
GRAIN SIZE DISTRIBUTION TEST REPORT 5' Ar' · I q 1 :JI i> 
LAW ENGINEERING. INC. Figure No. 



-- --------------------------------------------------------------- --------
GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 16 

Date : Feb.20,1999 
ProJ'ect No.: 50160-8-0025- WOl-830 ,. 
Project: ~ Shallote Inlet,Brunswick,NC 
=======~================;::;::;::;::================================ 

----------------------------------=~~~le-~~=:----------------------~~~~122 ___ _ 
Location of Sample: SHI-5 Jar Sample~Y@ 10.0-10.5 Ft. tr/o a5 
Sample Description: Tan Poorly Grade~ Sand with Shell Fragments ,tU/' Jc/t,.Jaf_ 
USCS Class: SP Liquid limit: I (o2-e 1oA II/~ 
AASHTO Class: Plasticity index: ?':R 876_ o;-;' 
----------------------------------------------------------------------------~-

Notes ~B 

Remarks: Tested by~~Reviewed by: ~~ ;:;;t. '"-.) 

Fig. No.: 

Mechanical Analysis Data 

Initi al 
Dry sample and tare= 302.80 
Tare = 0.00 
Dry sample weight = 302 . 80 
Tare for cumulative weight retained= 0 

Sieve cumul. wt. Percent 

0.75 
0.375 
~ 4 
# 10 
# 20 
# 40 
# 60 
1t 100 
# 200 

inches 
inches 

retained finer 
0.00 100.0 
0.32 99 . 9 
2.71 99 . 1 
6.82 97.7 

16.47 94.6 
44.80 85.2 

115.64 61.8 
274.75 9.3 
299.45 1.1 

Fractional Components 

% + 3 in. = o.o 
% FINES = 1.1 

D85= 
030= 
cc = 

0.42 060= 
0.1826 015= 
0.9116 cu = 

% GRAVEL= 0 . 9 % SAND = 98 . 0 

0.245 050= 0.222 
0 . 15758 010= O. l4900 
1. 64 75 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 

100 
6 4 3 2 1.5 I 3/4 112 318 3 4 6 810 14 16 20 30 40 50 70 100 140 200 
I I ~ I I' I I I 1 I I I 
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r-1-

'\ 1- 70 :r: \ (.!) 
H w 
::I 

60 
>- \ co 
0::: 
w 50 z 
H 
LL \ 1- 40 z 
w 
u 
0::: 
w 30 a.. 

1\ 

20 
\ 

1\ 

10 
\ 

0 "- ~ 
500 100 50 10 5 1 0.5 0.1 

GRAIN SIZE lN MILLIMETERS 

COBBLES I GRAVEL I SAND I 
I COARSE I FINE I COARSE MEDIUM FINE I 

Sarnple No. Depth (ft) (VISUAU Classification Nat w% LL PL PI 

1 1.0 - 1.5 TAN POORLY GRADED SAND <SP) WITH A 12.8 

LITTL E GRAVEL SIZE AND A TRACE OF SAND 
SIZE SHELL FRAGMENTS. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0 .01 0 .005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6014 

Hole No. SHI-5 

Date 05/26/98 

(} 

I() 

20 

1-
30 r 
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1-1 
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0 .001 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SlZE - mm 

!Tes t % +3" % GRAVEL % SAND % SILT I ~~ CLA Y 

• 16 0.0 0 . 9 98 . 0 1 . 1 

LL PI Da5 060 D5o 030 015 010 Cc Cu 

• 0 . 42 0 . 25 0 . 22 0 . 183 0 . 1576 0. 1490 0 . 91 1 . 6 

MATERIAL DESCRIPTION uses AASHTO 

• Tan Poorly Graded Sand WJth She 11 Fragments SP 

Pro j e ct No.: 50160-8-0025-W01-830 Remarks: 

Project: ShalJote In Jet, Bruns1·d ck, NC Tes ted b y : cA .;j(.., 
• Loca t 1 on: SHI - 5 ,Jar SampJe 3 @ 10.0-10 .5 Ft . 

Reviewed b y: H:r 

Date: Feb 20, 1989 

GRAIN SIZE O~STRIBUTTDN T EST REPORT 

LAW ENGINEERING. INC . Figure 1\)o. 



=:=========================-=====-==.=====-==·=-===-=========-==---=-=-=======;=== 
GRAIN SIZE DISTRIBUTION TEST DATA Test No. : 16 

Date: Feb . 20 , 1999 
Pr oject No. : r 50160- 8 - 0025- W01-830 
Project : ; Shallote Inlet , Br unswick,NC 
===========~===·===================================--=== 

Sample Data 

Location of Sample: SHI- 5 Jar Sample 3 @ 10.0- 10.5 Ft. 
Sample Description: 
uses Class : 

Tan Poorly Graded Sand with Shell Fragments 
SP Liquid limit: 

AASHTO Class : Plasticity index: 

Notes 

Remarks: Tested by :CA-Rev iewed by : U..-r 
~ ' &,J 

Fig. No. : 

Mechanical Analysis Data 

Initial 
Dry sample and tare= 302 . 80 
Tare = 0.00 
Dry sample weight = 302.80 
Tare for cumulative weight retained= o 

Sieve cumul . Wt . Percent 

0.75 
0.375 
11 4 
# 10 
# 20 
# 40 
# 60 
# 100 
# 200 

inches 
inches 

retained finer 
o.oo 100.0 
0 . 32 99 . 9 
2.71 99.1 
6.82 97.7 

16 . 47 94.6 
44 . 80 85.2 

115.64 61.8 
274.75 9.3 
299.45 1.1 

Fractional Components 

% + 3 i n. = 0.0 
% FINES = 1.1 

% GRAVEL = 0 . 9 % SAND= 98 . 0 

D85= 
D30= 
cc = 

0.42 D60= 0 . 245 050= 0.222 
0.1826 Dl5= 0.15758 010= 0 . 14900 
0.9116 cu = 1 . 6475 

.. 



Hole ~o SHI-6 
ORLLI~C LOG I DIVIS ON INST .o!.LATIIJ< I~Ef 1 SOUTH ATLANTIC WILMINGTON DISTRICT or I Sl-iEETS 

1. PROJECT Cl. SIZE foliO TYPE a' BIT 4" VIBRACORE. TUBE 20' 
SHALLOTTE INLET 11. OA1\JII fOR ELEVAl11l< S>«>Wfl'B.II tr iiSU 

2. l OCATION ICtDrdiiiUtiiS tr !JalkMI MLW 
E 2187441 N 56371 12. MANUfACTURER'S OCSICNATON a' ORll 

3. ORII.LNO AGENCY VIBRA- CORE. (SNELL> 
WILMINGTON DISTRICT 

13. TOTAL NO. OC OVER· DISTURBED UNDIS T\JRBED 
4. 11DLE NO. lAs s/Dm on <tr.,./rg /Rie 

SHI·6 
BURDEN SAIAPLES TAKEN 2 0 Ofld THo rumborl 

14. TOTAL I«JMSER CORE BOXES N/A S. NAil[ Of ORtU.ER 
JERRY FULCHER 15. ELEVATON GROUNO WATER 

6. DIRECT ON Of 110LE 
16. DATE 110LE STAR TEO COl.IPLETEO 

t(l VERTICAL 0 INCLINED DEC. FROU VERT . 2/5/98 2/5/98 
17, ElEVATO'f TCP a' 110LE - 2.7 Ft. 

7. THCJ<NESS a' OVERBURDEN N/A 1~ TOTAL CORE RECOVERY fOR BCJ!NC N/A 1. 
8. DEPTH DRILLED INTO ROCK 0.0' 19, SlCNAT~E Of NSPECTOR 
9. TOTAL DEPTH Of HOLE 9.0' KEITH BENTON 

CLASSfiC"T ON OF l.lATERIALS 
1. CORE BOX OR RE"'ARKS 

ELEVATION DEPTH LECENO RECOV· SAIAPLE lo-l#lt?t} llftll, ""'"'' lou. dll?/ll of 

-2. 7 0. 
IOtJS<TipllonJ ERY 1<0. ,_,trrlrq, tt";.lf s/gtt/(lo<¥>1/ 

' . . I 

- . . . Time Began Vibrocoring ~ t: - .. . SP-Tan. coarse poor- I y 
- . graded sand with shell 10:55 hours 1-

_: . . . fragments 
~ 

NOTE : 1=-- . 
CL ASSIFIED ON 3/4/98 

1-- ... . 1-1---'--
t: .. BY LARRY BENJAMIN z-: .... CIVIL ENGINEER TECH. ~ . . . . . . t: - . - NOTE: 1-

-= .. . . Top of Hole at 1-. ~ -·. . River Bottom 1-
: 1-. . . . 1-4-: LAB CLASSIF ICAT ION ~ 
- t: - ·. Jar 1-- Number Classification t:-- .. 
- 2 SP 1--:-.:-:. t: 

6-= . . ... . ~ 

- '-2 ~ -·. r-=- 1-- . - ~ - .... f.--=· ..... NOTE: ~ . . 
- .. . . Hole Terminated os 1-

s-= necessary for convenience. ~ . . 
predelerrrVned depth, f-- . . . . 1-- .. or assumed vibrocore 1-- · .. . refusal. 1-

-11.7 9 - . 1-

- BOTTOM OF HOLE AT 9.0' NOTE: 1-- The Vibrocore run depth 1-

: SOILS AAE fiELD VISUALlY 1-
CLASSIFIED IN ACCORDANCE wos not recorded. 1=--

: WITH THE UNIF'IED SOIL 1-

- CLASSIFICAnON SYSTEM 1: 
...::. 1-

- t:-
= 1-

1-- 1-- ~ 

: 1-
1-- 1-

-= 1-
~ - 1-- 1-

- t: 
-= ~ 

- t: 
: 1-

- '=-- 1--

= 1-
1--- t:--= 1--- t : 1--- t:--- 1-

: t: 
-:: ~ 

1-- t: : 1-- ~ 
: 1-

1-- 1: -
E~C F0~1836 PREVICUS WITIONS AA( OBSOLETE. PROJECT IHOLE NO. 

SHALLOTTE INLET SHI-6 



GRAIN SIZE DISTRIBUTION TEST REPORT 
c 

c c c 
- ru . ~ - ·-.s .s c ' c 0 0 - "" r• co 0 0 0 0 v 0 

I -~ ' ...... v ru ... 10 C\1 
10(1 (I) "' N - .... "' .. ... .. ,. .. .. .. 

.............. 
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~ 
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a: w ~(1 
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2(1 • 
' 1C• ~ 

0 ~ 
2[10 100 :10 0 LO O . 'l 0 0 1 0 001 

GRAIN SIZE - mm 

Test Oj 
10 +3 " 0 • 

~ GRAI/EL % SAND % SILT J 0 • 
/ Q CLA Y 

• 17 0.0 2 2 97 0 0 8 

LL PI De.5 Dso D5o D3o D15 010 Cc C u 

• () 62 D 39 0 . 3~ 0 . 275 0.2065 0. jJ93 1 . 09 2 . 2 

MATERIAL DESCRIPTION uses AASHTO 

• Tan Poorly Graded Sand W:lth Shell Fragments SP 

Project No.: 50 160-8-0025-WOl-830 Remarks: 
Pro 1 ect: ShalJote Inlet, Brunswjck, NC Tested by: cA~ 
• Locatio n: SHI-6 Jar sample 1 @ 1 . 0-1 '5 Ft . 

Rev ie~"ed by : Hs 

Date: Feb . 20, 1999 

GRAIN SIZE DISTRIBUTION TEST REPORT 

LAW ENGINEERING. INC_ Figure No. 



Date : 
Project No. : 
Project : 

GRAIN SIZE DISTRIBUTION TEST DATA 

Feb.20,1999 
50160-8 - 0025-WOl-830 
Shallote Inlet,Brunswick,NC 

===-===========-=:= 

Location of Sample: 
Sample Description : 
uses Class : 
AASHTO Class : 

Sample Data 

SHI - 6 Jar sample 1 @ 1.0- 1 . 5 Ft. 
Tan Poorly Graded Sand with Shell Fragments 
SP Liquid limit: 

Plasticity index: 

Notes 

Remarks : Tested by: C4Rev iewed by : 1-11 
"p., 

Fig. No. ~ 

Mechanical Analysis Data 

Initial 
Dry sample and tare= 315 . 43 
Tare = 0 . 00 
Dry sample weight - 315.43 
Tare for cumulative weight retained= 0 

Sieve Cumul . Wt . Percent 

0 . 75 
0.375 
# 4 
# 10 
# 20 
# 40 
# 60 
# 100 
# 200 

inches 
inches 

retained finer 
0.00 100.0 
3.57 98 . 9 
6.98 97.8 

10 . 25 96 . 8 
21.88 93 . 1 

109 . 06 65.4 
247.20 21.6 
304.33 3 . 5 
312.80 0.8 

Fractional Components 

% + 3 in. = o.o 
% FINES = 0 . 8 

D85= 
030= 
Cc = 

0~62 060= 
0.2754 D15= 
1. 0914 Cu = 

% GRAVEL = 2.2 % SAND= 97 . 0 

0 . 388 D50= 0.34 3 
0.20654 D10= 0 . 17927 
2. 1627 

• 

Test No.: 17 



GRAIN SIZE DI STRIBUTION TEST REPORT 
s 

. . 5 c c 
• C\J --c c c ...... c 0 0 ..... ..... .... ..... ·- .... rv m 2 0 0 0 .... 0 

I - ~ 
.......... .,.- C\J .... ID "' 100 (!) !') N ...., - !') .. "" .. .. "" .. • 

............. 
9 0 

~ : 
80 ' ' 70 l 

([ 

" 
w 
3 60 
lJ.. 

1-
z 50 
w 
u 
[[ 
w ~0 
Q. 

I 30 

20 ~ 

' 1<) ' ~ 0 
200 100 10 . 0 1.0 0 1 0 01 0 . 001 

GRAIN SIZE - mm 

iT est % +3 " 0 • GRAVEL % SAr-JO 0 • SILT I ,.0 CLAY It 7o 

• 17 0.0 2 2 97 . 0 0 8 

LL PI De.s Oso Dso 030 015 010 Cc Cu 

• 0 62 0 . 39 0 . 34 Q_275 0 . 2065 0 . 1793 1.09 2.2 

MATERIAL DESCRIPTION uses AASHTO 

• Tan Poor ly Graded Sand Wlth SheJJ Fragments SP 

Project No.: 50160-8-0025-W01-830 Remarks: 
Project: Shallote Inlet . Brunswick, NC Tested b y : cA~ • Location: SHI-6 Jar sample 1 @ l. 0-1.5 Ft . -Re viey.•ed by: Hs 

Oat e: Feb . 20, 1999 

GR.A.I N SIZE DISTRIBUTION TEST REPORT 

LAW ENG I NEERING. INC. F1gure f\10. 



~============================== 

GRAIN SIZE DISTRIBUTION TEST DATA Test No .: 17 
-------------------------------------------------------------------------------
Date: 
Project No. : 
Project: 

. 
Feb.20,1999 
50l60-8- 0025-W01 - 830 
Shallote Inlet,Brunswick,NC 

=========;===================================================================== 

Sample Data 

-----------------------------------------------------------------------~-------
Location of Sample : 
Sample Description: 
uses Class: 
AASHTO Class: 

SHI- 6 Jar sample 1 @ 1.0-1.5 Ft. 
Tan Poorly Graded Sand with Shell Fragments 
SP Liquid limit: 

Plasticity index: 

Notes 

Remarks: Tested by:C4Reviewed by: H1 
~ 

Fig. No.: 

Mechanical Analysis Data 

Initial 
Dry sample and tare= 315 . 43 
Tare = o. oo 
Dry sample weight = 315.43 
Tare for cumulative weight retained= 0 

Sieve Curnul. Wt. Percent 

0.75 
0.375 
"# 4 
# 10 
"# 20 
# 40 
# 60 
# 100 
"# 200 

inches 
inches 

retained finer 
0.00 100.0 
3.57 98.9 
6.98 97.8 

10.25 96.8 
21.88 93.1 

109.06 65.4 
247.20 21 . 6 
304.33 3.5 
312.80 0.8 

Fractional Components 

% + 3 in. = 0.0 
% FINES = 0.8 

D85= 
D30= 
Cc = 

0.62 D60= 
0.2754 D15= 
1.0914 cu = 

% GRAVEL= 2.2 %SAND= 97.0 

0.388 D50= 0.343 
0.20654 D10= 0.17927 
2.1627 

• 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARlETT A, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 

100 
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GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL I SAND I 
I COARSE I FINE I COARSE MEDIUM FINE j 

S~mple No. Depth (ft) (VISUAL) Classification Natw% LL PL PI 

2 6.0-6.5 TAN, POORLY GRADED SAND (SP)~ WITH A 17.9 

TRACE OF GRAVEL SIZE AND SAND SIZE SHELl 
FRAGMENTS. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

-

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6015 

Hole No. SHI-6 

Date 05/ 26/ 98 
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Hole ~o SHI-7 . 
ORl.l i~G LOG ' OtVISOI< INST.A!.LATICH I~H 1 SOUTH ATLANTIC WILMINGTON DISTRIOT or 1 SHEETS 

t PROJECT 10. SIZE Al'iD TYPE or BIT 4" VIBRACORE TUBE 20' 
SHALLOTTE INLET 11. OATIAI fO~ ELEVATIOI S>IOWI'JBil cr IISU 

Z. LOCATION ICtDI'd/!>dlll rr Sor(c(IJ MLW 
E 2 188097 N 56318 1.2. MANUFACTURER'S OESICNATON or 0R t.l 

3. OlliLLN I> M>Et<CY VIBRA-CORE tSNELU WILMINGTON DISTRICT 
13. TOT.A!. NO. or OVER· DISTliiU!EO uMliSTVRBEO 

4. HOLE NO, lA$ st.o.m on d1T111rln; m10 BURDEN SAMPlES T Al((,N 2 0 fJfld fila fkJirt'JetJ SHI- 7 
N/A 14. TOT .AI. NWBER CORE BOX£S 

5. NAAIE Of DRILLER 
15. ELEVATOH CROUMl WATER JERRY FULCHER 

6, OtRECT ON Of HOLE 16. OAT( HOLE STAR TEO CQI.tPlEfEO 

llO VOlTIC.AI. D ·~•P<EO DEC, f'ROI.t VERT. 2/5/98 2/5/98 
17. ELEVATON TOP CF HOLE ·6.8 Ft. 

7. [HCKNESS or OVERBLROEN N/A 18. TOT.A!. COR< ~COVERY FOR BmNG N/A X 
8. DEPTH ORILLEO INTO ROCK 0.0' \.9. SiGNATURE Of NS PECTOR 
9. fOf.AI. DEPTH or HOLE 7 --:?· ~~ITH F:FNTON 

Ct.ASSf1CAION or l.t~Tt!MLS 
'1: CORE ~JpPr RE).IARKS 

ELEVATION DEPTH LECENO RECOV· (()<1/1/llt} tltl'tH IOIII' lass. d~ of 

-6..8 Q, ro.srr I;Aoni ERT NO, weotrer/lltJ, d~ I( JffpT/Calf/ 
' . . I 

: 
. 

SP - Ton. pocr 1 y Time Begon Vibrocoring «! ~ 
' coarse 

: . graded sand with shell 10:30 hours . . 
fragments f.-- NOTE : ~ -= . . 

,_1_ ~ 

: 
. . CLASSIFIED ON 3/4/98 ,... . . 

BY LARRY BENJAMIN 
2-= 

. . . 
C IVIL ENGINEER TECH. ~ : . . t: . 

: . NOTE: ~ . Top of Hole ot 1---::: River Bottom 
: . 

t: . . 
4-= 

. 1-. 
LAB ClASSIFICATION t-- . ' = . .. 1-
Jar 

= -
Clossificolion -= r--- Number -

- Trace of snell fragments 2 -,- SP - -
6 -= =-: 1-

- . . t: 
~ 

. 1-. . ~ 
- 14.0 1 · 2_ 

BOTTOM OF HOLE AT 7.2' ... 
: 1-

SOILS ARE fiELD VISUAlLY ~OTE: t=-- ole T ermi~oted os . 

= CLASS!F'!ED IN ACCORDANCE necessory or conven1ence., 1-
WITH THE UNIFIED SOIL predetermined. depth, t: : CLASSIFICATION SYSTEM 

or assumed vobrocore 1-

-:: refusal. ~ 
NOTE: ~ 

: The Vibrocore &,un depth t: 
-= wos not recor ed. ~ 

~ - ~ 

: ~ 

- --..:: --
= -- -

--:: ;:-- 1-- 1-- t=--= 1-- t: --= 1-
~ - ~ 

= 1-
- t: 

-: ~ 
~ - 1-

: ~ 
~ 

- 1--
- 1-
: ~ 

- 1-

-:: ~ 

- t 
.: 1-

1-- ~ 
- 1-
- 1-
- 1-

-= 1-
~ 

- 1-
:: 1-

1-- 1-

E G FO 18.36 PREIIIOJS EOtJIOtiS ARE OBSOI.ETE. PROJECT IHOlE ~'0. 

SHALLOTTE INLET SHI·7 



GRAIN SIZE DISTRIBUTION TEST REPORT 
c 

c: !: ~ N 
c: c c ..... c 0 0 ·- - ·- " rv w =: 0 0 0 .. 0 

I ..... :::: ..... v N " w N 

100 <0 m rv - - (T) .. ... "' ' ' 
,.. ... 

--~ ~ 90 
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lJ.J 
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lJ.. 

~50 
lU 
u 
cr. 
w 410 
0... 
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20 

10 \ · 
: 

0 
200 100 :1 0 D 1 0 0 1 0 01 0 001 

GRAIN SIZE ~ mm 

!Tes t % +3" 0 , 
't> GRAVEL % SAND % SILT ~ci CLA Y 

• 18 0 . 0 0 1 98 7 1 2 

LL PI Des Dso Dso 030 0 15 010 Cc Cu 

• 0 32 0 . 22 0 20 0 . 168 0 - 13417 0 1083 1 17 2 0 

MATERIAL DESCRIPTION uses AASHTO 

• Brawn Poorly Graded Sand w1th Shell Fragments SP 

Projec t No . : 50160-8-0025-W01-830 Rema rks: 
Project: Sha 11ote In let , Brunswick, NC 

Tested by :~ ~ 

• Loc ati on: SHI-7 J ar Samp le 2 @ 5 . 0-5.5 Ft 
Reviewed b y: f/:1 

Date: Feb _ 20, 1999 

GRAI N SIZE OlSTRIBUT!ON TEST REPORT 

LAW ENGINEERING. INC. Figure No. 



Date: 
Project No.: 
Project: 

GRAIN SIZE DISTRIBUTION TEST DATA 

Feb . 20,1999 
50160- 8- 0025- W01-830 
Shallbte I nlet,Brunswick,NC 

Sample Data 

SHI-7 Jar Sample 2 @ 5.0- 5.5 Ft. 

Test No.: 18 

Location of Sample: 
sample Description : 
uses Class: 

Brown Poorly Graded Sand with Shell Fragments 
SP Liquid limit: 

AASH'l'O Class: 

Remarks : Tested by~Reviewed by:H~ 

Fig. No. : 

Plasticity index: 

Notes 

-----------------------------------------~-------------------------------------
Mechanical Analysis Data 

Initial 
Dry sample and tare= 301.95 
Tare ~ 0.00 
Dry sample weight = 301.95 
Tare for cumulative weight retained= 0 

Sieve Curnul. Wt. Percent 

o. 375 
# 4 
# 10 
41 20 
41 40 
# 60 
# 100 
# 200 

inches 
retained finer 

0 . 00 100 . 0 
0.27 99 .9 
0 . 62 99.8 
3.37 98.9 

19.83 93 .4 
81.77 72 . 9 

250 . 16 17.2 
298.36 1.2 

Fractional Components 

% + 3 in. = o. o 
% FINES = 1. 2 

D85= 
D30= 
Cc = 

0. 32 D60= 
0.1677 D15= 
1.1722 Cu = 

% GRAVEL= 0.1 % SAND= 98.7 

0 . 222 DSO= 0 . 202 
0.13474 D10= 0.10827 
2.0464 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 
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6 4 3 21.5 I 3/4 1/2 3/8 3 4 6 8 10 1416 20 30 40 50 70 tOO 140 200 
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GRAIN SJZE IN MILLIMETERS 

COBBLES I GRAVEL I SAND I 
I COARSE 1 FINE I COARSE MED IUM T FINE I 

Sample No. Depth {ft) <VISUAU Classifica tion Nat w% LL PL Pl 

I LO - 1..5 TAN. POORLY GRADED SAND <SP) , WITH A 17. 1 

TRACE OF GRAVEL SIZE AND SAND SIZE SHELL 
FRAGMENTS. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION : W81LJ881245987 

HYDROMETER 

0.()5 0.01 0.005 

SILT OR CLAY 

Projecl SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/ 6016 

Hole No. SHI-7 

Dare 05/ 26/ 98 
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GRAI N SIZE DISTRIBUTION TEST REPORT 
c 

c: c: c: 
• N - ... c: c: " ' c 0 0 ... ... - -- v (\/ (D 0 0 0 0 .... 0 

' ' ' ...... "' ru "' <D N 
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200 100 10 0 i.O 0 . 1 0 0 1 0 . 001 

GRAIN SIZE - mm 

Test % +3 " % GRAVEL % SAND % SILT % CLAY 

• 18 0.0 0 1 98 . 7 1 2 

Ll PI Da5 Dso Dso D3o D15 010 Cc Cu 

• 0 . 32 0 . 22 0 . 20 0 . 168 0 .1347 0 .1083 .1 . 17 2 . 0 

MATERIAL DESCRIPTION uses AASHTO 

• Brawn Poorly Graded Sand w1th Shell Fragments SP 

Project No . : 50160-8-0025-WOl-830 Remarks: 
Project: ShalJote In1et. Brunsw)ck, NC Tested by :~ ~ 

• Location: SHI-7 Jar Samp1e 2 @ 5.0-5.5 Ft 
Reviewed by: lf'j' 

Date: Feb . 20. 1999 

GRAIN SIZE DISTRIBUTION TEST REPORT 

LAW ENGINEERING. I NC . Figure No. 



=-====-====-=--~====-========-====.;:==-==============..==:====-====:.====== 

Date : 
Project No. : 
Project: 

GRAIN SIZE DISTRIBUTION TEST DATA 

Feb . 20,1999 
50160-8-0025- WOl-830 
~hallote Inlet,Brunswick,NC 

Test No.: 18 

===~~=~====================~======~====~======~======~=======~==~==~=== 

Location of Sample: 
Sample Description: 
uses Class: 
AASHTO Class: 

Sample Data 

SHI- 7 Jar Sample 2 @ 5.0- 5.5 Ft. 
Brown Poorly Graded Sand with Shell Fragments 
SP Liquid limit : 

Plasticity index: 

Notes 

Remarks: Tested by~Reviewed by :H~ 

Fig. No.: 

Mechanical Analysis Data 

Initial 
Dry sample and tare= 301.95 
Tare = o . oo 
Dry sample weight = 301.95 
Tare for cumulative weight retained= 0 

Sieve cumul . wt . Percent 

0.375 
# 4 
# 10 
# 20 
# 40 
# 60 
# 100 
# 200 

inches 
r etained finer 

o.oo 100.0 
0.27 99.9 
0.62 99 .8 
3 . 37 98.9 

19 . 83 93.4 
81.77 72 .9 

250.16 17.2 
298.36 1.2 

Fractional Components 

% + 3 in. = o.o 
% FINES = 1. 2 

085= 
D30= 
Cc = 

0.32 D60= 
0.1677 015= 
1.1722 Cu = 

% GRAVEL = 0.1 %SAND= 98 . 7 

0.222 DSO= 0.202 
0 . 13474 DlO= 0.10827 
2 . 0464 



Hole No SHJ-8 
DRLLI~C L,OC rVGON 

SOUTH ATLANTIC 
INSTAI.LAnO'I 

WILMINGTON DISTRICT ~~rr 1 OF 1 SIE:E:TS 
I. PRO.£CT 10. SIZE WI> TYPE OF BIT 4" VIBRACORE TUBE 20' 

SHALLOTTE IIIILET 11. DATUM fOR ELE\IATIO'I SHOWN'&/ cr liSt) 
2. LOCATION ICatm11nttM cr 9o#olll MLW 

E 2 188328 N 55679 12. MIINUFACTURER'S OCSIGNATON OF ORll 
3. DRllLNC ACENCY VIBRA·CORE (SNELU 

WILMINGTON DISTRICT 
IJ. TOTAL NO. OF OVER· DISTURBED UNOGTURSEO 

•. HOLE NO. I los .-n ""dn:o.irv Iff to BURDEN SMIPLES I AI< Elf 2 0 Olldflloi>Jift>orJ SHI-8 
1• . TOTAL NU!oiBER CORE BOXES N/A 

5. NAME Of ORILL!:R 
15. ELEVA I ON CROOND WATER JERRY FULCHER 

6. OIRECTO>I OF HOLE 16. OA TE HOLE STARTED COMPLEI£0 
00 VERTICAL 0 INCLINED DEC. fROM VERT. 215/98 2/5/98 

17. ElEVATON TCJ> OF HOLE •0.5 Fl. 
7. THCKN(SS OF OVEReuROEN NIA 16. TOTAL CORE RECOVERY fOR BORNC N/A :1. 
8. DEPTH DRILLED INTO ROCK 0.0' 19. SIGNATURE Of NSPECTOR 
9, TOTAL OEPTW OF t10LE 10.8' KFITH E:FNTON 

CLASSFIC"TON OF MATERIALS t CORE ~~M'~ REMARKS ELEVATION o'H LEGEND RECOV· tDtnllf!9 '""'· ,,m, /QSI. """"' 01 

•0..5 
IDeiCJ'Iplionl ERY NO. >«Otlrflt'IIJ.II C.If Slfln/flctNJ . • . ' • 

: .. SP-Tan . cocrse pocr I y Time Began Vibrocoring Q ~ 1-- .. " . 
graded sand. -trace of 11:25 hours t ....: . shell frogrrents r-,- NOTE: f-- . 

CLASSIFIED ON 3/4/98 f:: : - .. . . 
BY LARRY BENJAMIN -

2-: ... . 
CIVIL ENGINEER TECH • =-. . -- -

: . . . 
NOTE: '-. 
Top of Hole at -- . . -- . . . . River Bottom 

'-: . -4-: .. .. r:-LAB CLASSIFICATION '-- . ' 
~ - ... . Jor - . . 

Nurroer Classification '-- . . . ~ 
- 2 SP 

~ - .. '--· ... '-.. 
6 -= .. . . 1-

~ - '--·. . t - . . -· . . ' '-- . 
J_ t:-- ... 

- . . ~ - t: 8-= 
.... .. 

~ - .. .. . NOTE: t - . . Hole Termi7otecl os • -.. ' . necessary or conventence, 1-- . - gredetermigecl. depth, I:--: . - r assume vtbrocore 1-- .... . . refuser. 1-- NOTE: 1-

10-= 1-... . The Vibrocore run depth t:-- . ' wos not recorded. - ... . 1-

-10.3 o. 8 - . 1-

- BOTTOM OF HOLE AT 10.8 ' ~ - ~ : SOILS ARE FIELD ViSUALLY 
'-- CLASSIFIED IN ACCORDANCE 1-- WITH THE UNIFIED SOIL 1--
1-

- CLASSIFICAft()ll SYSTEM 1-
: ~ 

l=--
1-
'-- 1-

-= 1:-
- 1-
- ~ 

: '-
1-- t:-: 1-- t -

- ~ 
- 1-
- t : 1-- t:-: 1-- t:: -= 1--
- 1-
- ~ 
- 1-
- 1-

- I-- 1-
- 1-
- l: -

E~G FO~t836 PREVIOUS EDITIONS ARE OBSOLETE. PRO..E:CT 1110LE NO. 
MAR 71 SHALLOTTE INLET SHI-8 



GRAIN SIZE DISTRIBUTION TEST REPORT 
::; 

c c c 
• (\J - -~ c "' ' c 0 0 
~ - ·~ .., rv co £ 0 0 0 .... 0 
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.3(l 
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j(J \ 
' 0 

200 100 10 , 0 1 . 0 0. 1 0 01 0 00 1 
GRAIN SIZE - mm 

Test % +3 '' % GRP. VEL 0 / 
It> SAND % SILT a • 

/ b CLAY 

• 19 0.0 0 . 0 99 . 1 0 9 

LL PI Oss 060 Oso 030 015 0 10 Cc: c u 

• 0 , 3.!1 0 , 23 0 . 21 0 - 175 0 . 1529 0 1302 1.03 LB 

MATERIAL DESCRIPTION uses AASHTO 

• Brawn Poorl y Graded Sand wlth Shell Frag111ents SP 

Project No.: 50160 -8-0025-W01-830 Remarks: 
Project: ShalJote In J e t . Bruns w 1 c k, NC Tested by. c,_ J{., 
• Locatj on: SHI -B uar SampJe 1 @ 1. 0-1.5 Ft. 

Reviewed by: U;f 

Date: Feb . 20, 1999 

GRAIN SIZE DISTRIBUTION TEST REPORT 

LAW ENGINEERING. INC. Figure No . 



========-===-==-==--===-=========-=-==---=======-:=.===-=-='::====-==-====-=== 
GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 19 

------------------------------~-~----------------------------------------------
Date: 
Project No. : 
Project: 

Feb.20,1999 
50160-8-0025-WOl- 830 
Shallote Inlet,Brunswick,NC 

=::::-==---===-===-=-========:::;==;:::;;::::=.;::::==-=:===-=====-=:::==-==;:.::;:::-;=_;==:;===-======-==-===-= 

Sample Data 

Location of Sample: SHI-8 Jar Sample 1 @ 1.0- 1.5 Ft. 
Sample Description: 
uses Class: 

Brown Poorly Graded Sand with Shell Fragments 
SP Liquid limit: 

AASHTO Class: 

Remarks: Tested by:&{Reviewed by:~ 

Fig. No.: 

Plasticity index: 

Notes 

-------------------------------------------------------------------------------
Mechanical Analysis Data 

Initial 
Dry sample and tare= 324.23 
Tare = o . oo 
Dry sample weight = 324.23 
Tare for cumulative weight retained= 0 

Sieve cumul . Wt. Percent 
retained finer 

# 4 o.oo 100 . 0 
# 10 0.07 100 . 0 
~ 20 3.40 99.0 
# 40 24.60 92.4 
f 60 97.49 69.9 
# 100 285.09 12.1 
# 200 321.32 0 . 9 

Fractional Components 

% + 3 in. o.o 
% FINES = 0.9 

D85= 
D30= 
cc .:: 

0.34 D60= 
0.1748 015= 
1..0268 cu = 

% GRAVEL= 0.0 %SAND= 99.1 

0.229 D50= 0.209 
0.15293 010= 0.13017 
1. 7559 



GRAIN SIZE DISTRIBUTION TEST REPORT 
c 

c c c: 
' N . - - ·" c c c ' c 0 0 ..... - ... '<I 

"' !D ~ 0 0 0 ..,. 0 
I ' '-' ..,. (\J ... Ul <V 

10 0 Ul .., 
C\1 - - .., - .., ,., 

"" 
,. .. ,_, .. 

1'-,.._ 

~ 90 
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70 ~ 

a: 
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~0 w -
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j(J ~ 
; ~ 

0 
200 100 10 .0 1 . 0 0. 1 0 . 01 0.001 

GRAIN SIZE - mm 

!Test % +3" 0 ' 
,it, GRAVEL % SA. NO % SILT o, 

1'0 CLAY 

• 19 0.0 0 . 0 99 . 1 0 9 

LL PI Dss Dso Dso 030 015 ow Cc Cu 

• 0.3.4 0 . 23 0 . 21 0 - 175 0 . 1529 0 . 1302 1 .0 3 1 8 

MATERIAL DESCRIPTION uses AASHTO 

• Brown Poorly Graded Sand wlth Shell Fragments SP 

Pro j ect No.: 50160-8-0025-WOl-830 Remarks: 
Project: ShalJote Inlet. Brunswjck, NC Tested by C-4- j~ • Location: SHI-8 Jar Sample 1 @ 1. 0-1 . 5 F t 

Reviewed by: J..lj 

Date: Feb . 20, 1999 

GRAIN SIZE DISTRIBUTION TEST REPORT 

LAW ENGINEERING. INC . F igure 1-Jo. 



=-========--=-==;:;:============:=========-==============-==========-=====~==-= 

Date: 
Project No . : 
Project: 

GRAIN SIZE DISTRIBUTION TEST DATA 

Feb.20,1999 
50160-8-0025-WOl-830 
Shallote Inlet,Brunswick,NC 

Test No.: 19 

===-============-=====-===-======-============-==================-==.=:=== 

Sample Data 

Location of Sample: SHI-8 Jar Sample 1 @ 1.0-1.5 Ft. 
Sample Description: 
uses Class: 

Brown Poorly Graded Sand with Shell Fragments 
SP Liquid limit: 

AASHTO Class: 

Remarks: Tested by:&{Reviewed by: ~f 

Fig. No.: 

Plasticity index: 

Notes 

Mechanical Analysis Data 

Initial 
Dry sample and tare= 324.23 
Tare = 0.00 
Dry sample weight = 324 . 23 
Tare for cumulative weight retained= 0 

Sieve cumul. Wt. Percent 

# 4 
4f 10 
# 20 
# 40 
# 60 
# 100 

200 # 

retained finer 
0.00 100 .0 
0.07 100.0 
3.40 99.0 

24 . 60 92.4 
97.49 69.9 

285 . 09 
321 . 32 

12.1 
0.9 

Fractional Components 

% + 3 in. = 0.0 
% FINES = 0 . 9 

% GRAVEL = 0 . 0 % SAND= 99.1 

D85= 
D30= 
Cc = 

0.34 D60= 0.229 D50= 0 .209 
0.1748 D15= 0.15293 DlO= 0.13017 
1.0268 Cu = 1 .7559 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DNTSION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENlNG IN iNCHES U.S. STANDARD StEVE NUMBERS 

100 
6 4 3 2 1.5 I 3/4 1/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200 
I I I I l l I I I 
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500 100 50 10 5 I 0.5 0.1 
GRAIN SIZE IN MILLIMETERS 

COBBLES 
I GRAVEL I SAND l 
l COARSE l FINE I COARSE MEDIUM I FINE I 

Sample No. Depth (ft) <VISUAL) Classific~tion Nat w% LL PL PI 

2 7.0 - 7.5 GRAYISH TAN. POORLY GRADED SAND <SP) 20. 1 

.JTTH A TRACE OF SANn SIZE SHELL 
FRAGMENTS. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6017 

Hole No. SHI-8 

Date 05/26/98 
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Hole ~o SHI·12 . 
ORLLI~G LOG llliVtSON INSTALLIITitJol I~ET 1 

SOUTH ATLANTIC WILMINGTON DISTRICT or 1 SIIITfS 
I. PF!OJ£CT 10. SIZE' -'NO TYPE rF BIT 4" VIBRACORE TUBE 20' 

SHALLOTTE INLET 11. 01\TUiol fOR ElEVAnON 5MQWI'f8ll rr 1/SU 
2. LOCATION fC<Difl/rda tr 9ot/ottl MLW 

E 2188483 N 54209 12. IIAHUFACTIJRfR'S OESICNATON or ORLl 
3. OR!lli'IC ACENCY VI8RA·CORE <SNELU 

WILMINGTON DISTRICT 
13. TOT AI. NO. rF OVER· DISTURBED UNDISTURBED 

4, HOLE NO, lAs""""" IN! dffN!Irr; IH/t BURDEN SAIIPLES T liKEN 2 0 Orttl fHe Nfl'tJttrJ SHI-12 
14. TOT AI. NU1o18ER CORE SOltES N/A 

5, NI\Ajf OF ORIUER 
JERRY FULCHER 15. ElEVATION CF!Ol.NO WAfER 

o. OIRECTON OF' HOLE 16, DATE HOLE STARTED COioiPLETEO 
11(1 VERTICAL 0 INO..INED DEC. FROIJ VERT. 2/S/98 2/S/98 

1?, ElEVI\fON Tq> CJ: ><OLE -9.5 Fl. 
7. TH.CKNESS rF OVERB~DEN N/A 18, TOTAL CORE RE:COVERV FOR 80R tlC N/A '1. 
8. DEPTH DRillED INTO ROCK 0.0' 19 , Sla>IATI..nE OF l'f.iPECTOR 
9. TOT Ill DEPTH OF HOLE 8 0' t r-ITH EENTQN 

CliiSSfiCAfON Of" MATERIALS I. CORE BOX OR REI.IAR'fiS 
ELEIIAnON DEPTH LEC£1'4>" RECOV· SAIIPLE !Or//llf/9 1/rr.. W'Jior lou. diiOIII of 

-9.5 Q IOescr/sJ/Io!ll ERY NO. ,..orltllfft9, <;c. If •l9rlf/caV I 
< . . I • 

- . . . r-1-- Time Began Vibr oc or lng (0 1-- SP-ran • cocrse poq- 1 y 1-- - graded sand with shel l 15:10 hours 1-
_.: - NOTE : 1-. fragnents f-- . . 

CLASSIFIED ON 3/4/98 ~ : -. . BY LARRY BENJAMIN 1-

2-= . . . CIVIL ENGINEER TECH • ~ - . . . 1-- . NOTE: 1-- 1-- . Top of Hole at 1-- . 
River Bottom f-- . 1-- . . 

1-- . LAB CLASSIFICATION 
4 -= . 1-- . Jar 1--- 1-- . 

Nuoter Classification 1-. . 
t: - . 2 SP - - f-- . . 1-- . . 1-- . 1-

6-= . . 1-. t- f-- Gray. med i Lm to coarse ~ 1-
: . . 1-. groin sizes. trace of - . . 1-

-: she I I fragrren t s 1-

- . . 1: 
: . 1-

-17.5 8 - . . ~ 
BOlT OM OF HOLE AT 8 .0 ' NOTE: 1-- 1-- Hole Termi1oted as • 1-

_: SOILS ARE FIELD IIISU.N..L'I' necessary , or conven1ence, 1-
CLASSIFIED IN ACCORDANCE predelermned. de(.lth, 1-- or assumed v1brooore 1-

: WITH THE UNIFIED SOIL refusal. 1-
- CLASSIFICATION SVSlE!A NOTE: ~ - The Vibrocore run depth f-- was not recOrded. 1-- 1-- i= -- f-- ~ : 

~ -
-:: 1-

1-- 1-- 1-
_.: ~ 

- 1-- 1-- 1-
_.: 1-

1--
- 1-

1-- 1-- 1-
- f-- 1-- 1-- ~ -- f-- t: : 

~ -
-: f-

- ~ 
: 1-

- ~ - 1-- 1-- 1-- 1-- 1--- 1-- 1-
: 1-

1-

E~G F'0!3.41836 PREVIOOS EDITIONS ARE OBSOLETE PF!OJE.C T jHOLE NO. 

SHALLOTTE INLET SHI-12 



GRAIN SIZE DISTRIBUTION TEST REPORT 
c 
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I ..... .......... ... (\j .., to (\1 

100 <0 "' N- A' "" -"' "" "" "" ""' ' "" ""' 

""' ~-
: 

90 : 
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w LlO 
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200 100 10 . 0 1 ' 0 0 . 1 0 01 0 001 
GRAIN SJZE - mm 

Test % +3 " 0 ' 
lb GRAVEL % SAND % SILT % CLA Y 

• 20 0.0 10 . 6 88 _6 0 . 8 

LL PI Os5 D6o 050 030 0.15 010 Cc Gu 

• 2 . 1.1 0 . 67 0 . 56 0.409 0 . 3101 0 . 276Ll 0 . 90 2 4 

MATERIAL DESCRIPTION uses A ASH TO 

• Tan Poorly Graded Sand Wlth Gravel & Shell Frag SP 

Project No.: 50160-8-0025-W0.1- 830 Remarks: 
Project: Sha llote Inlet. Brunsw)ck, NC Tested by: <;t.:L-....1~ 
• Location: SHI-12 Jar Sample 1 @ 0.0-0 . 5 Ft . 

l& Reviewed by: 

Date: Feb. 20, 1999 

GRAIN SIZE DISTRIBUTION TEST REPORT 

LAW ENGINEERING. INC . F igur e No. 



===========~~==============;=================================================== 

Date: 
Project No . : 
Project: 

GRAJN SIZE DISTRIBUTION TEST DATA 

Feb.20,1999 
50160 - 8 - 0025-WOl-830 
Shallote Inlet,Brunswick, NC 

Test No.: 20 

===========:===========~~=~=:=~=======:===========~==:===============:==~====== 

Location of Sample: 
Sample Descript ion: 
uses Cl ass: 
AASHTO Class: 

Sample Data 

SHI-12 Jar Sample 
Tan Poorly Graded 
SP 

1@ 0.0-0.5 Ft. 
Sand with Gravel & 
Liquid limit: 
Plasticity index: 

Shell Frag. 

1 ~ ~ Notes 
------- - -~~~-(_--- - --~ ---------------------- - ------ - --- - --- - --------- -- - -
Remarks: Tested by: Reviewed by: 

Fig. No.: 

Mechanical Analysis Data 

Initial 
Dry sample and tare= 328.34 
Tare 0.00 
Dry sample weight = 328.34 
Tare for cumulative weight retained= 0 

Sieve Cumul. Wt. Percent 

l 
0.75 
0.375 
# 4 
# 10 
# 20 
# 40 
# 60 
# 100 
# 200 

inches 
inches 
inches 

retained finer 
0.00 100.0 

10.1.6 96.9 
20 . 18 93.9 
34.94 89.4 
50 . 16 84.7 
~5.18 71.0 

224.62 31.6 
306.43 6.7 
323.41 1.5 
325.94 0.7 

Fractional Components 

% + 3 in. = 0.0 
% FINES = 0.8 

D85= 
030= 
Cc = 

2 . 11 D60= 
0.4088 D15= 
0.9047 Cu = 

% GRAVEL = 10.6 % SAND = 88.6 

0.668 DSO= 0.562 
0.31010 DlO= 0 . 27638 
2.4182 



GRA I N SIZE DISTRIBUT I ON TEST REPORT 
c;. 

• t\J 
c:. . - ,S ~~ 
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a: : w 40 
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: :\ 2 0 :' 
10 l ' 

1\ .. ; 

0 
200 100 10 . 0 1 ' 0 0 . 1 0 . 01 0 001 

GRAIN SIZE - mm 

!rest % +3'' % GRAVEL % SAND % SILT I % CLAY 

• 20 0 . 0 10 .6 88 . 6 0 8 

LL PI Des Deo Dso 030 015 010 Cc Cu 

• 2 - 11 0 67 0 . 56 0 _409 0 . 3101 0.2764 0 . 90 2 . 4 

MATERIAL DESCRIPTION uses AASHTO 

• Tan Poorly Graded Sand with Gravel & Shell Fra g _ SP 

Project No.: 50160-8- 0025-WOj - 830 Remarks: 
Project: Shallote Inlet, Brunsw1ck, NC Tested by· <; ,a_..Jc..., 
• Location: SHI-12 Jar Samp le 1 @ 0.0- 0 . 5 Ft . 

1-& Reviewed by: 

Date: Feb. 20. 1999 

GRAIN SIZE OISTRIBUTI Dr-J TEST REPORT 

LAW ENG I NEER I NG. INC . F1gure No. 



DEPARTMENT OF THE ARMY, SOUTH ATLANTlC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCH.ES U.S. STANDARD SIEVE NUMBERS 

100 
6 4 3 2 1.5 I 3/4 I/2 3/8 3 4 6 810 1416 20 30 40 50 70 100 140 200 

' I II I ' ' ' II r-.... T 1 

90 
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1- \ 
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w z 50 
H u. 
1- 40 z w 
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0:: w 30 Q_ 

20 

1\ 

10 

0 
· ~ 

500 100 50 10 5 I 0.5 0 .1 
GRAJN SIZE lN MILLIMETERS 

COBBLES 
GRAVEL I SAND I 

COARSE I FINE I COARSE MEDIUM I FINE I 
Sample No. Depth (ft) (VISUAL) Classification Natw% LL PL PI 

2 6.0- 6.5 GRAY POORLY GRADED SAND <SP) WITH A 26.2 

TRACE OF MICA. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 
. 

0.05 0.0 1 0 .005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6018 

Hole No. SHI-12 

Date 05/26/98 

() 

I() 

20 

1-
:X: 30 (.!) 
H w 
:I 

40 >-
(0 

a:: 
50 
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(.f) 
0:: 
~ 
0 
u 

60 1-z w 
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70 0:: w 
0.. 

so 

90 

100 
0.001 



Hole ~o. SHI-13 
ORLLI~G LOG ~VISON INST ALLATICN I~Ef 1 

SOUTH ATLANTIC WILMINGTON DISTRICT or 1 SHEETS 
I. PROJECT 10. SIZE N;D TYPE rF BIT 4'' VIBRACORE TUBE 20' 

SHALLOTTE INLET II. 0Af\Jid FOR ELEVATICN SHOWII"8.11 rr IISLI 
2. LOCATION IC<nrd/Mas tr !ilaiiDnJ MLW 

E 2187457 N 53902 12. l.tAN\JtACTURER'S OESIGNATON rF ORl.L 
.l, ORI~LNC AOENCY VIBRA-CORE CSNELL> 

WILMINGTON DISTRICT 13. lOT AL NO. rF OVER- DISTURBED ONOISTURBEO 
4 , H~E NO.IAs s_, on <lrrw</rg /Rio BURDEN SAI.t~f:S T AXEN 2 0 ond fifo IIJIIiJ<rl SHI-13 

14. TOTAL NUUBER CORE BOXES N/ A 5. NAME Of DRILLER 
JERRY FULCHER IS. EL(VATON CROUNO WATER 

6. DIRECTON Of HOLE 16. DATE tlOlE STAR TED COf.A~ETEO 

00 VERTICAL 0 INCliNED OEC. fROM VERT. 2/5/98 215198 
17. ElEVATON ToP CJ" H~E -7.9 Ft. 

1. lHCKNESS (F OVEREIUROEH N/A 18. TOTAL CORE RECOVER\' FOR BORNC N/A 1. 
8 . DEPTH DRILLED INTO ROC~ 0.0' 19 . SIGNATURE Of NSPECTOR 
9. TOTAL DEPTH OF HOLE 4,9' I'~""ITH f . ..-NTON 

CLASSFICATON OF f.AATERIALS 1. CORE BOX OR REMARKS (l[VATION DEPTH lECEI40 RECOV · SAI.t~E /Drllflt>l} 11/m, """' los$, df»/rr of 

-7 •. 9 (), IDu<rlpllon/ ER'r NO. weot!et/ng, ttc.lf &J9t>lffc(JIIJ 

' • . I • - . . 
SP- Ton . coo-se poo- l y Time Began Vibrocoring Cll t: - . . 

- . - qr-oded sond With shell 14:35 hours ~ - NOTE : ~ - . . fr-agments I-
-

CLASSIF I ED ON 3/4/98 ~ - ~ - . 
BY LARRY BENJAMIN i-

1-= . '-. - CIVIL ENGINEER TECH • ~ . i-- 1 
,_ 

: . . ,_ . 
~ - -- . NOTEt i-- . 

Top of Hole at t: - . 
2-= . . River Bottom i-. . t:-- . 

: . . ,_ 
i-- . 

-: . 1--. LAB CLASSIFICATION ~ - . . - . 
Jor- i-

3-= 
. - . ~ . . Number Classif ication ~ - -,- SP 

i-- . 
2 ~ - . i-

- . i-
-:: . ~ ~ 

- . . ~ 
: . . . ~ 

4- . t:-
: . . . t: - . . 
- . ~ - . . 1--
- . ~ 
- - . ~ 

-12.8 4. 9- . ~ 

- BOTTOM OF HOLE AT 4 .9' I-
: NOTE: f-

SOILS ARE FIELD VISUALL '( Hole Termi7ated as . ,_ - CLASSif'IED IN ACCORDANCE necessary or conven1ence, 
_: pr edet errrii'Jed,b depth, ~ 

WITH THE UNif'IEO SOIL or assumed v1 rocore -- refusal. ;::: : CLASSif'ICATIQ>j SYSTEM 
NOTE: ~ -
The Vibrocore run depth '-

-: t-

was not recorded. r-- ,_ 
- ,_ 
- ~ -
: ,_ 
- t: 

-= ,_ 
- t:-
: ~ 

- t: 
-:: ~ 

- t: 
: ~ 

- t:-
: ~ 

- t: - ~ - ~ -- -
: ~ 

- t:-
: ~ 

- t 
...: ~ 

- I:-- ~ 

~ ~ 
1-

E~G rof3.418.36 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT IHOLE NO, 

uAR 11 SHALLOTTE INLET L __________________________________ ___ SHI·13 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAI N SIZE - mm 

Test Ot 
/b 

~"::J " 
• ....1 

C • 
It, GR!~_ VEL % SAND % SILT I % CLAY 

• 1 0.0 5 . 6 93 . 6 ( o .8 

LL PI Dss D6o D5o D3o D15 0:10 Cc Cu 

• :1 . :15 0 63 0.55 0 . 412 0 3069 0 . 2783 0 . 96 2 . 3 

MATERIAL DESCRIPTION uses AASHTO 

• Tan Poorly Graded Sand Wlth Gravel & Shell Fr ag . SP 

Proj e ct No.: 50160-8- 0025-W O:l - 830 Remarks: 

PrOJECt: Sha lJ ot e Inlet, BrunswJck. NC Tested b y : (!A- ~~-

• Location: SHI-13 Jar Sample 2 @ 3.0-3 . 5 Ft. 
Rev1ev.·ed by: H.f 

Date: Feb . 20. 1999 

GRAIN SIZE DISTRIBUTION TEST REPORT 

LAW ENGINEERING. INC. Figu re No . 



Date: 
Project No. ~ 
Project: 

GRAIN SIZE DISTRIBUTION TEST DATA 

Feb.20,1999 
50160-8-0025-WOl- 830 
Shallote Inlet , Brunswick , NC 

Test No . : 1 

====================~===================~=================================--=== 

Location of Sample : 
Sample Description: 
uses Class: 
AASHTO Class: 

Sample Data 

SHI-13 Jar Sample 
Tan Poorly Graded 
SP 

2 @ 3 .0-3.5 Ft . 
Sand with Gravel & 

Liquid limit: 
Plasticity index: 

Notes 

Shell Frag. 

-------------------------------------------------------------------------------
Remarks: Tested by:G4Reviewed by: ~ 

jt, J1'-' 
Fig. No.: 

Mechanical Analysis Data 
-------------------------~-----------------------------------------------------

Initial 
Dry sample and tare= 342 . 31 
Tare = o.oo 
Dry sample weight = 342.31 
Tare for cumulative weight retained= 0 

Sieve Cumul . Wt. Percent 

1 
0.75 
0.375 
# 4 
~ 10 
# 20 
# 40 
:# 60 
# 100 
# 200 

inches 
inches 
inches 

retained finer 
0.00 100 . 0 
7.48 97.8 

11. 98 96. 5 
19.21 94.4 
35.38 89 . 7 
84.76 75 . 2 

236.18 31.0 
327.04 4.5 
337 .91 1.3 
339 .62 0.8 

Fractional Components 

% + 3 in. = 0.0 
% FINES = 0.8 

085= 
D30= 
Cc = 

1.15 D60= 
0.4116 D15= 
0.9627 Cu = 

% GRAVEL= 5.6 % SAND = 93.6 

0.632 050= 0.546 
0 . 30690 D10= 0.27829 
2 . 2725 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCRES U.S. STANDARD SIEVE NUMBERS 

!00 
6 4 3 2 1.5 1 3/4 J/2 3/8 3 4 6 8 10 14 16 20 30 40 50 70 100 140 200 
I I [I I I [I I I -t-L.. ~ I I I I 
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0 .. 
500 100 50 10 s I 0.5 0.1 

GRAIN SIZE LN MILLIMETERS 

COBBLES 
GRAV EL I SAND I 

COARSE I FINE I COARSE MEDIUM I FINE I 
Sample No. Depl11 ( ft) CVISUAU Classification Natw% LL PL PI 

I 1.0- 1.5 GRAYISH TAN, POORLY GRADED SAND <SP ) 19.6 

WITH A TRACE OF SAND SIZE SHELL 
FRAGMENTS. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6019 

Hole No. SHI-13 

Date 05/ 26/ 98 
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Hole No. SHI- 14 
~ I OIVISOf'l INSUI.LATICH 

DISTRICT 1 ORLLI C LOC SOUTH ATLI>J\ITIC WILMINGTON 1 

I. PROJECT o. SIZE 1W0 TYPE C:F BIT 4" VJBRACORE TUBE 20' 
SHALLOTTE INLF'T II, DATW fOR ELEVATICH ~WN (T811 a 1/SU 

2. LOCATIO~ ((;11Qn1JndftS IT '.iloJIOIIJ MLW 
E 2188003 N 53643 12. MN<UrACTURER'S DESIGNATION Of DRLL 

3. DRu.L N C AGENCY VIBRA- CORE <SNELL) WILMINGTON QISTRICT 
1J . TOTAL NO. C:F OVER· DISTURBED UNDISTURBED 

4 . HOLE NO.IA .. Itc>o<tl on d i'CIW!ff} 11//o BuRDEN ~PL£S T AliEN 4 0 ond file rurt~erJ SHI-14 
14. TOTAL NUM8ER CORE BOXES N/A S. NAI.IE Of DRILLER 

JERRY FULCHER 15. f:l(VATON CR0\.1'<0 WATER 

6. DIRECT ON o r HOLE 16. DATE HOLE STARTED C014PI.ETED 

DO VERTICAL 0 INCLINED O£C . f!lOII VERT. 2/5/98 215198 
17. ELEVATION T CP C:F HOLE - 11. 4 Fl. 

7. THICKNESS C:F OVERBuRDEN N/A 18 . TOTAL CORE RECOVERY fOR BORNC N/A 1. 
8 . DEPTH ORILLED INTO ROCK 0.0' 19. SIGNATuRE or HSPECTOR 
9. TOTAL DEPTH Of HOLE 13.8' K.-ITH E NTON 

Y. CORE BOX OR REMARKS 
ELEVATION DEPTH LECE NO CLASSfiCATON Of IAATERIA!.S RECOV · SAMPlE /{)r/11/t>g '''""· _, , .... dtp/11 of 

·1J.4 Q, rO.sat/)J/oN ERY NO. WoO.trerf"l,dC. If s/9"1(/cqi/J 
c . . I • 

: . 
' 
. 

SP - Ton , coarse poo-l y Time Begon Vibrocoring «! ~ . graded sand with she I I ~ 14:00 hours 1-- - NOTE : 1-_::_ - fragments 1- ~ - . . 
CLASSIFIED ON 3/4/98 1-

1-: . 
BY LARRY BENJAM I N 1-

2~ 
. 

1-. . CIVIL ENGINEER TECH . 1-. . 1: -
- . 1-- - . 

NOTE: I:-- . . 
Top or Hole ot - . . 

~ - . ry- River Bottom -
Gray 1-4_::. . . 

' t--- ~ . . -- . 1-
~ = . . . . 
~ - . 

: . LAB CLASS IF ICATION 1: - Jar 1-
6~ . .- 1-.. 

Nurrber Classi f ication ~ 1-- . 
2 SP 1-: . 

1-
3 SP - SM 1-- . . . 

~ ~ . 
4 sc 1--

1-: 1-8- . . 1-
1-- . . - 1-
1-- . 
1=-_::_ . 

. 1-- . 
1-: . 
1-

- 21.2 10- 13 
1-

SM-Groy . fine to rredium 1-- si 1 ty sand With shell 1: -
= fragment s 1-

1=-- NOTE: - Hole Termi7oted as . 1-
1-: With gray inorganic s i 1 t necessor y or conventence, 
1-predetermined. depth, 1--23.2 12- ML-Grayish ton sandy 'Lj or assumed v•brocore 
~ refusal. - s i I t w i th rock 1-- t--- NOTE: 1-: fragments The Vibrocore run depth I:-- wos not recorded. - 1-- 1: -25.2 13.8- 1--- BOTTOM OF HOLE AT 13.8' ~ -
1-- SOILS ARE F"IEL D VISUALLY 

~ -
CLASSIFIED IN ACCORDANCE -

~ - WITH THE UN If lED SOIL 1-: CLASSIF"ICATICIII SY STEM 1-
1--
1-_::_ 
~ - 1-
1-: 1: -
~ -= 1: -
1-: 1=-,_ 

- 1-
~ -

-
- 1-

1--= 1-- 1-
1-: 1-

E G FO 1836 PREVIOJS EDITIO~S ARE OBSOLETE. 
PROJ£CT IHOLE NO. 

SHALLOTTE INLET SHI-14 
--- -- ------- --- ---------------' 



GRAIN SIZE DISTRIBUTION TEST REPORT 
c: -
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GRAIN SIZ E - mm 

Test o • -r-3" O • GRA VEL % SAND % SILT % CLAY / 0 ft. 

• ...... 
c. 000 003 9802 j 0 5 

LL P I Oss 060 Oso 030 015 010 Cc Cu 

• 0 027 0 _19 o. n 0 . 13~ 0 0 1036 0 . 092.!1 1 .03 2 - j 

MATERIAL DESC RIPTION uses AASHTO 

• Brown Poorl y Graded Sa n d with Snell Fragments SP 

Pro iec: t No 0: 5 0160- 8-0025- W01-830 Re marks : 

ProJec t: Shallote Inlet, Brunswick, NC Tes t Ed by o C4-~ 
• Locat 1 on: SHI-14 Jar Sample 1 @ 005-1 . 0 Ft 0 

Reviewed by: /./o..r 

Date : Feb 20. 1999 

GRAI N SIZE DISTRIBUTION TEST REPORT 

LAW ENGINEERING, INC. Figu r e No . 



=====-==-==-==-==-======-=====~===~=--===-=-======-= 

Date : 
Project No.: 
Project: 

GRAIN SIZE DISTRIBUTION TEST DATA 

Feb.20,1999 
50160- 8- 0025 - W01-830 
Shallote Inlet,Brunswick,NC 

==:=:=:;;:::::===:;;:::::======---======================= 

Sample Data 

Location of Sample: SHI- 14 Jar Sample ~ @ 0.5-1. 0 Ft . 

Test No. : 2 

Sample Description: 
uses Class : 

Brown Poorly Graded Sand with Shell Fragments 
SP Liquid limit : 

AASHTO Class: Plasticit y index: 

Notes 

~~~~;~~~-;~;t~~-~~~~~~~1~~~~-~;~tt(-------------------------------------------

Fig. No. : 

Mechanical Analysis Data 

Initial 
Dry sample and tare= 327.11 
Tare = 0 . 00 
Dry sample weight = 327.11 
Tare for cumulative weight retained= 0 

Sieve Cumul. Wt . Per cent 

0. 75 
0.375 
# 4 
# 10 
# 20 
~ 40 
# 60 
# 100 
# 200 

inches 
inches 

retained finer 
0.00 100.0 
0.90 99.7 
l.05 99.7 
3.22 99 . 0 

11.77 96 . 4 
33 .72 89.7 
62.02 81.0 

203.99 37.6 
322.12 1.5 

Fractional Compone nt s 

% + 3 in . = 0.0 
% FINES = 1. 5 

D85= 
030:;;: 
Cc = 

0 . 27 D60= 
0.1344 015:;;: 
1.0268 cu = 

% GRAVEL= 0 . 3 % SAND = 98.2 

0.191 D50= 0.171 
0.10363 010;:; 0.09236 
2 . 0630 



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN LNCHES U.S. STANDARD SIEVE NUMBERS 
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GRAIN SIZE IN MILLIMETERS 

COBBLES 
GRAVEL r SAND I 

COARSE I FINE I COARSE MEDIUM FINE I 
Sample No. Depth (ft) <VISUAU Classification Nat w% LL PL PI 

2 3.5- 4.0 GRAYISH TAN. POORLY GRADED SAND <SP) 24.4 

WITH A TRACE OF SAND SIZE ~HFI L 
FRAGMENTS. 

GRADATION CURVES 

WORK ORDER : 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.01 0 .005 

SILT OR CLAY 

ProjecJ SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/ 6020 

Hole No. SHI-14 

D(lte 05/26/98 
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DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 
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GRAIN SIZE lN MJLLIMETERS 

COBBLES I GRAVEL I SAND I 
I COARSE I FINE I COARSE MEDIUM T FINE I 

Sample No, Deplh (ft) <VISUAU Classification Natw% LL PL PI 

3 9.8. 10.3 GRAY POORLY GRADED SILTY SAND (SP-SM). 20.4 

WITH A TRAr.F OF GRAVEl SIZE AND A LITTLE 
SAND SIZE SHELL FRAGMENTS. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6021 

Hole No. SHI-14 

Dale 05/26/98 
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DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SlEVE OPENING 1N INCHES U.S. STANDARD SIEVE NUMBE,RS 
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GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL I SAND J 
I COARSE I FiNE I COARSE MEDIUM I FINE I 

Sample No. Depth (ft) (VISUAL) Classification Nar w% LL PL PI 

4 12.0. 12.5 GRAY, CLAYEY SAND CSC) , WITH A TRACE OF 27.9 

GRAVEL. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6022 

Ilole No. SHI-14 

Dare 05/26/ 98 
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Hole No SHI-15 
ORLLING LOG OIV!SOH 

SOUTH ATLANTIC 
INSTAllATia.l 

WILMINGTON DISTRICT I~H((T 1 
or 1 SHEETS 

1. PROJECT 10. SIZE ANO TYPE rr en 4-" VIBRACORE TUBE 20' 
SHALLOTTE INLET 11. OATU"' F'OR ELEVATION SHOW f7811 rr IISIJ 

2. l OCATION l!:rzmJII'dlllf rr 9o/lonl MLW 
E 2188632 N 53195 12. UNIIJF'ACTUR!:R'S OES!CNATON CS' DR L l 

J . DRILLNC AGENCY VIBRA-CORE <SNELL) WILMINGTON DISTRICT 
13. TOTAL NO. CT OVER· DISTURBED UI'()ISTUflSEO 

4. HCLE NO. lAs .-n 011 datW!rQ IIIIo BUR DEN SMIPl ES T IIKE:N 3 0 DAd (lie NlrOttf/ SHI-15 
5.. NAME' OF ORILL ER 

14. TOTAl NUUBER CO~ BD>tES N/A 
JERRY FULCHER 15. UEII .. TI:lN GROUND WATER 

6. DIRECT ON OF HOLE 16. OA TE HOLE STAR ftO COI.IPLET£0 

j)(l VERTICAL 0 t>;CLINEO OEC. FROW VERT. 215198 215/98 
17. El£1/.I.TON ToP CT HCLE -16.8 n. 

7, tHCI<t£SS CT OVERE!'JROEN N/A 18. TOTAL CORE RECOVERY F'OR BORNC N/A 7. 
8 , l)t:I>T H DRILL EO INTO ROC I(. 0 .0' 19. SIGNATURE OF' NSPECTOR 
9 . TQT.<l DEPTH OF HOLE 15.3' KEITH F:>NTON 

Cli'SSF'ICAT ON OF '~"TERIALS 
X CORE BOX OR REt.IAR>:S 

ElEVATION OEPTH LECE1<> RECOil · SAMPLE IDrWI>IJ tJ..,, .-oter /ats, d-of 

- 11ii .8 0. 
IO.scrlpi(oll} ERY NO. ,..o/terli>IJ. d e. IT .sPJn/ffctn/1 . • . I • - . ' . · ' SP-Tan , coarse poo- l y Time Begon Vibrocoring ~ ~ - 1-

: 
... . graded sand 13:25 hours 1-. 

NOTE : 1-- • 0 . 1-- ~ 

: ~ CLASSIFIED ON 3/4/98 1-. . . \: - BY LARRY BENJAMIN 
2-= f-.. . CIV IL ENGINEER TECH . ::-. 

- .. . - 1-
- . . NOTE: !: - .. 

Top of Hole ol - . . ~ - .. . River Bollom 
,.,. 

- . f-- ~ 

4-= . 1-

- • • 0 
LAB CLASSIFICATION 1-- 1-- .. 
Jar 

~ - . f-

-: ... Nuroer Ctossificollon ~ 

-22.3 -1- SP t= 
: SM-Groyi sh ton. f i ne 2 f-

2 SP - SM 1-6- silty sand. trace of ~ 

: shell fragrrents 3 sc ~ 

- t 
- ~ - I:--- 1-- t s-= ~ 
- WIth she ll fragments 1-
- ~ - (Shell hOSt1) 1-
- 1=--26 .0 

-

~ 
1-- ML-Groy sandy s i 1 t 1-- 1-

10-= with rock fragmen t s 1-- 1-
1-- 1-- 1-

- !: - 1-- t -- 1-

12-= 1-
!-

: 1-
1-- NOTE: ~ 

_:: f-
Hole Termi7oted os . 1--- necessary or conven1ence, 1-

- gredetermined. degth, 1-- r ossumed vtbro or e 1-

14-= refusol. 1=-- NOTE: 1-- The Vibrocore run depth r: - wos no t r ecorded. - 1-
- ~ 

- 3 2.1 5 0 3- ~ 

- BOTTOM OF HOLE AT 15.3' 1-- SOILS ARE FIELD VIS UALLY ~ - ~ - Cl.ASSIF'IEO IN ACCORDANCE 1-- WITH THE UNIFIED SOIL ~ 
: 1-

CLASSIFICATION SYSTEM ~ - t=--- 1-
- t: -- 1-
: t: - 1-

_:: 1-
!-- f-

: 1-
1-- 1-

ENG F"ORt.41836 PREVIOUS EOniONS ARE OBSOLETE. PRO,IECI IHOLE NO. 
SHALLOTTE INLET SHI-15 
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'---



DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S, STANDARD SIEVE OPENING 1N INCHES U.S. STANDARD SIEVE NUMBERS 
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GRAJN SIZE IN MJLLIMETERS 

COBBLES 
GRAVEL I SAND I 

COARSE I FINE I COARSE MEDIUM I FINE I 
Sample No. Depth (ft) (VISUAL) Classifica tion Natw% LL PL PJ 

I 1.0- 1.5 GRAY POORLY GRADED SAND (SP), WITH A 27.4 

TRACE OF SAND SIZE SHELl FRAGMENTS. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6023 

Hole No. SHI-15 

Date 05/ 26/ 98 
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DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 
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GRAIN SIZE IN MILLIMETERS 

COBBLES 
GRAVEL I SAND I 

COARSE I FLNE I COARSE MEDIUM I FINE I 
Sa01ple No. Depth (fl) <VISUAU Classification Nat w% LL PL PI 

2 5.5- 6.0 GRAY POORLY GRADED SILTY SAND <SP- SM ) 28.9 

WITH A TRACE OF SAND SIZE SHELL 
FRAGMENTS. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.0 1 0.005 

SILT OR CLAY 

Project SHALLOTIE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6024 

Hole No. SHI-15 

Date 05/ 26/98 
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DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 

100 
6 4 3 2 1.5 I 3/4 1/2 3/8 3 4 6 810 141 6 20 30 40 50 70 100 140 200 
I I 1'\ I 

I II I I I I I I I 

90 
\. 

i\ 
80 

" 1--
f' ........ 

70 :I: 

"" l!) 
H w 
:I 

60 ..... 
>- 1'---co 
r::r '\ w 50 \ :z 
H 
LL 1\ 1-- 4() :z ~ w 
u '-r::r • w 30 (L 

20 

10 

0 
500 100 50 10 5 I 0.5 0.1 

GRAIN SIZE IN MILLIMETERS 

COBBLES 
I GRAVEL I SAND I 
I COARSE I FINE I COARSE MEDIUM r FINE I 

Sample No. Depth (ft) (VISUAU Classification Natw% LL PL PI 

3 9.2 -9.7 GRAY CLAYEY SAND (SC) , WITH SOME 26.3 

GRAVEL. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.0 1 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6025 

Hole No. SHI-15 

Date 05/26/98 
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Hote No. SHI-16 
ORLLINC LOG ' DIVIS ON 

INSTAlLATION ~~HE£! 1 SOUTH ATLANTIC WILMINGTON DISTRICT OF 1 SHEETS 
I. PROJ£CT 10. SIZ£ AM> TYPE c:F BIT 4" VIBRACORE TUBE 20' 

SHALLOTTE INLET II, DATUM FOR ElEVA ncr< !HJWtrBJI tr MSU 
1. LOCATION ICamlllld .. tr 9atlo(ll MLW 

E 2187.394 N 52983 12. MAM!f.ACTURER'S DESICNATON CF DRll 
J . DRILL NC AGENCY VIBRA·CORE <SNELL> WILMINGTON DISTRICT 

13. TOT AI. ..0. c:F OVER· OISTURB£0 U>4>1S TURBEO 
• • tjQ£ ..a. (As •ho¥<1 ""dffiWifV '"'" BURDEN SAMPLES TAAEN 3 0 and fNI tiJtrtxlfi St-11 -16 

14. TOTAL. NIMBER CORE BOXf:S N/A 5. N.AME OF DRJU.ER 
JERRY FULCHER 15. ELEVATON CROUI'oO WATER 

6. DIRECT ON OF HOLE 
16. DATE >iOLE STARTED COMPLETED 

(l(J VERTICAl 0 IN<l.INED OEG. FROM VERT . 2/5/98 215/98 
17. ELEVATON ToP c:F HQE. - 17.3 Fl. 

7. THCKNESS c:F OVERBURDEN N/A Ia. TOTAL. CORE RECOVERY fOR BDRNG N/A 1. 
e. OEPTH DRILLED INTO ROCK 0 .0' t9. SIGNATURE OF NSPECTOA 
9. TOTAL DEPTH OF HOlE 12 .0' KEITH BENTON 

CLASSfiCAU lN OF' MATERIAlS 
X CORE 00)( OR REMAAIIS 

(l(VI\fiO"' OCPTH LEGC:"'D RECOV· SAMPLE IOr,!~'!.//:.·::.':fr ':J:,;,1:::,r' - 17.3 Q IO.so-IIJif<Hl) ERY NO. 
< • . I • 

- .. . . 
SP-Groy ish ton . Time Began Vibrocoring ~ 1-- .. coarse 1-

- . poorly graded sond. 13:00 hours 1-- trace of shell NOTE : 1--· · . 1--- 1--

: .. . . fragments 1 CL,4SSIFIED ON 3/4/98 1-

- .. BY LARRY BENJAMIN t 
2-= .. 1-. . 

CIVIL ENGINEER TECH. 1-. . -.. 1-

: f.-

-· · . NOTE: r: 
-:: .. . Top of Hole ot 1-. ' River Bottom 1-- .. f.-- .. . . 1-

4--: .. 1-

t:-
: .. LAB CLASS I FfC,oHJON f.-

- . t - ·· .. Jar 1-- Nurroer Classification r: : .. . .. -1- SP f.-

6-= ·· . . 2 SM t-
: .. 1-

- . 3 sc t 
-24.3 
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t-y 1-- ML - Grayish ton . sandy I= - s i I t w ; t h rock t-=-- 1-
- fragments 1-

-: 1--
1-

- NOTE: 1-
- Hole T ermi~oled os . I= 10-= necessary or conven1e0ce, 

predetermi8ed. depth, 1--
- or assume 111brocor e 1-- refusal. 1-

1-- NOTE: t-- The Vibrocore run depth : f.-
wos not recorded. r: -

- 29.3 1 2- f.-
- BOTTOM OF HOLE AT 12.0' t:-
: f.-

SOILS f'R,E F'IELD VISUAllY 1-
- f.-

- CLASSIFIED IN ACCORDANCE 1--
- WITH fHE UNIFIED SOIL 1-- 1:. - ClASSIFICATION SYSTEM 
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1-- -: : -- -
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Et.IC FO~f836 PRE'VIOJS EOITIONS ARE OBSO~ETE. /'ROJt:C T IHOL( NO. 
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DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARlETT A, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 
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GRAlN SIZE IN MILLIMETERS 

COBBLES I GRAVEL I SAND I 
I COARSE I FINE I COARSE MEDIUM I FINE I 

Sa111ple No. Depth {ft) (VISUAL) Classification Nat w% LL PL PI 

I 1.0 - 1.5 GRAY POORLY GRADED SAND <SP) WITH A 28.4 

TRACE OF SANn SIZE SHELL FRAGMENTS . 

GRADATION CURVES 

m 

WORK ORDER: 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0.01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6026 

Hole No. SHI-16 

Date 05/26/98 
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DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SrEVE NUMBERS 
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GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL I SAND I 
I COARSE I FINE I COARSE MEDIUM I FINE I 

Sample No. Depth (fl) <VISUAU Classification Nat w% LL PL Pl 

2 6.0 . 6.5 GRAY. SILTY SAND <SM) WITH A TRACE OF 28.0 

,GRAVEL SIZE AND SAND SIZE SHELL 
FRAGMENTS AND A TRACE OF MICA. 

GRADATION CURVES 

WORK ORDER; 8426 
REQUISITION: W81LJ881245987 

HYDROMETER 

0.05 0 .01 0.005 

SILT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/6027 

Hole No. SHI-16 

Date 05/ 26/98 
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DEPARTMENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRJVE, MARJETTA, GA. 30060 

U.S. STANDARD SIEVE OPEN1NG IN INCHES U.S. STANDARD SIEVE NUMBERS 
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GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL I SAND I 
I COARSE I FINE I COARSE MEDIUM FINE I 

Snmple No. Depth (ft) <VISUAL) Classification Natw% LL PL Pl 

3 7.0- 7.5 GRAY. CLAYEY SAND <SC) WITH A TRACE OF 22.8 

GRAVEL. 

GRADATION CURVES 

WORK ORDER: 8426 
REQUISITION : W81LJ881245987 

HYDROMETER 

0.05 0.01 0 .005 

SlLT OR CLAY 

Project SHALLOTTE INLET 

WILMINGTON DISTRICT 

Lab No. 72/ 6028 

Hole No. SHI-16 

Date 05/ 26/98 

0 

10 

20 

~ 30 (.!) 
H 
w 
3 

40 >-
CD 

~ 

50 
w 
(/) 
~ 
<I: 
0 u 

60 r-z 
w 
u 

70 11:: 
w 
0... 

80 

90 

100 
0.001 



APPENDIX 9
PRE 2001 VIBRACORE COMPOSITE DATA



VIBRACORE PHI MEDIAN MEAN PHI  %
I. D. MEDIAN (mm) (mm) MEAN SILT

SHI-6 COMPOSITE 0.65 0.14 0.00 0.00 1.1

SHI-7 COMPOSITE 1.25 0.11 0.00 0.00 1.45

SHI-8 COMPOSITE 0.88 0.08 0.00 0.00 1.5

SHI-12 COMPOSITE 0.51 0.34 0.00 0.00 1.5

SHI-13 COMPOSITE 0.46 0.29 0.00 0.00 0.9

SHI-14 COMPOSITE 1.63 0.11 0.00 0.00 1.6

SHALLOTTE INLET BA COMPOSITE 0.86 0.16 0.00 0.00 1.3

COMPOSITE SUMMARY TABLE
OCEAN ISLE BEACH TERMINAL GROIN PROJECT



VIBRACORE EFFECTIVE PHI MEDIAN MEAN PHI  %
I. D. LENGTH (FT) MEDIAN (mm) (mm) MEAN SILT

SHI-6 COMPOSITE 9.0 0.65 0.14 0.00 0.00 1.1

SHI-7 COMPOSITE 7.2 1.2 0.1 0.0 0.0 1.5

SHI-8 COMPOSITE 11.0 0.88 0.08 0.00 0.00 1.5

SHI-12 COMPOSITE 5.5 0.51 0.34 0.00 0.00 1.5

SHI-13 COMPOSITE 4.9 0.46 0.29 0.00 0.00 0.9

SHI-14 COMPOSITE 3.6 1.63 0.11 0.00 0.00 1.6

SHALLOTTE INLET BA COMPOSITE 41.2 0.86 0.16 0.00 0.00 1.3

COMPOSITE DATA TABLE
OCEAN ISLE BEACH TERMINAL GROIN PROJECT



SAMPLE ELEVATION EFFECTIVE PHI MEDIAN MEAN PHI  %
I. D. (MLW) LENGTH (FT) MEDIAN (mm) (mm) MEAN SILT

SHI-6 #1 -4.0 3.8 1.55 0.34 N/A N/A 0.8
SHI-6 #2 -9.0 5.2 N/A N/A N/A N/A 1.3
Cut to -15.0' MLW
% silt estimated from granularmetric curves based on the #200 sieve
SHI-6 COMPOSITE 9.0 0.65 0.14 0.00 0.00 1.1

SHI-7 #1 -8.1 3.3 N/A N/A N/A N/A 1.8
SHI-7 #2 -12.1 3.9 2.30 0.20 N/A N/A 1.2
Cut to -15.0' MLW
% silt estimated from granularmetric curves based on the #200 sieve
SHI-7 COMPOSITE 7.2 1.25 0.11 0.00 0.00 1.5

SHI-8 #1 -0.8 4.3 2.25 0.21 N/A N/A 0.9
SHI-8 #2 -6.8 6.7 N/A N/A N/A N/A 1.9
Cut to -15.0' MLW
% silt estimated from granularmetric curves based on the #200 sieve
SHI-8 COMPOSITE 11.0 0.88 0.08 0.00 0.00 1.5

SHI-12 #1 -9.8 3.3 0.85 0.56 N/A N/A 0.8
SHI-12 #2 -12.8 2.2 N/A N/A N/A N/A 2.6
Cut to -15.0' MLW
% silt estimated from granularmetric curves based on the #200 sieve
SHI-12 COMPOSITE 5.5 0.51 0.34 0.00 0.00 1.5

SHI-13 #1 -9.2 2.3 N/A N/A N/A N/A 1.0
SHI-13 #2 -11.2 2.6 0.86 0.55 N/A N/A 0.8
Cut to -15.0' MLW
% silt estimated from granularmetric curves based on the #200 sieve
SHI-13 COMPOSITE 4.9 0.46 0.29 0.00 0.00 0.9

SHI-14 #1 -12.2 2.3 2.55 0.17 N/A N/A 1.5
SHI-14 #2 -13.7 1.3 N/A N/A N/A N/A 1.8
SHI-14 #3 -21.5 0.0 N/A N/A N/A N/A 5.0
SHI-14 #4 -23.7 0.0 N/A N/A N/A N/A 45.0
Cut to -15.0' MLW
% silt estimated from granularmetric curves based on the #200 sieve
SHI-14 COMPOSITE 3.6 1.63 0.11 0.00 0.00 1.6

CUMULATIVE PERCENTS AND COMPUTED DISTRIBUTIONS
OCEAN ISLE BEACH TERMINAL GROIN PROJECT (1 OF 1)



CPE Sieve PHI Sieve Phi Sieve # % Passing % Retained

-4.25 -4.25 3/4" 100.00 0.00
-4.00
-3.50
-3.25 -3.25 3/8" 100.00 0.00
-3.00
-2.50
-2.25 -2.25 #4 99.20 0.80
-2.00
-1.50 -1.50 #7 98.70 1.30
-1.00 -1.00 #10 98.20 1.80
-0.50 -0.50 #14 97.40 2.60
0.00 0.00 #18 96.10 3.90
0.50 0.50 #25 92.80 7.20
1.00 1.00 #35 84.00 16.00
1.50 1.50 #45 66.20 33.80
2.00 2.00 #60 40.40 59.60
2.50 2.50 #80 16.20 83.80
3.00 3.00 #120 2.20 97.80
3.50 3.50 #170 0.70 99.30
3.75 3.75 #200 0.60 99.40
4.00 4.00 #230 0.50 99.50



APPENDIX 10
2005 & 2009 USACE VIBRACORE LOGS,  GRANULARMETRIC 

REPORTS & GRAIN SIZE DISTRIBUTION CURVES
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I GRAVEL SAND T l COBBLES I COARSE T FINE COAAS£ I MEDIUM FINE 1 SILT OR CLAY 

Sample No. Elev. Or Depth Classification %CO, G, Nat w-;. LL PL PI 
• 1 7 .7'- 8.2' SAND, poorly-graded, mostly fine-grained 22 Project Ocean Isle Renourishment 

quartz. little carbonate, trace silt, light olive 
brown (SP) 

Area 

Boring No. 01-05-03 
Date 8/1/2005 

GRADATION CURVES 
ENG FORM 2087 

MAY 63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
304 7-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

~SUALSHELLCONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-3 ./ 
1 / 

7.7'- 8.2' _/' 
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
trace silt, light olive brown {SP) 

Tare Weight, (g): 50.73 ~ 
Dry Wt. Before Washing (g): 158.51 {.with tare) 

Dry Weight After Washing (g): 157.68 (wfth tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0.28 _/' 99.74 100 / 0.28 
#7 2.800 0.34 /' 99.42 100 /' 0.34 

#10 2.000 0.14 / 99.29 100 .......... 0.14 
#14 1.400 0.29 ./ 99.03 100 / 0.29 
#18 1.000 0.51 / 98.55 95 / 0.48 . 

#25 0.710 1.14 ./ 97.49 90 / 1.03 
#35 0.500 4.97 / 92.88 70 /' 3.48 
#45 0.355 22.1 6 ./ 72.32 50 / 11 .08 
#60 0.250 50.72 / 25.26 30 / 15.22 
#80 0.180 20.66 / 6.10 10 / 2.07 
#120 0.125 4.81 ./ 1.63 5 /' - 0.24 
#170 0.090 0.45 / 1.22 1 / 0.00 
#200 0.075 0.04 ./ 1 .18 1 / 0.00 
#230 0.063 0.01 / 1.17 1 ./ 0.00 

Total Shell Content: 22 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Sample No. Elev. Or Depth Classification %CO, G, Natw% LL PL PI 

• 2 1 0.7'- 11 .2' SAND, poorly-graded, mostly fine-grained 24 Project Ocean Isle Renourishment 
quartz, little carbonate, trace silt, light olive 

brown (SP) 
Area 

Boring No. 01-05-03 

Date 8/1/2005 

GRADATION CURVES 

ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment J Depth: 
2216-01-60 Date: 
01-05-3 / 

2 / 

10.7'-11.2' 
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
trace silt, light olive brown (SP) 

Tare Weight, (g): 49.82 / 

Dry Wt. Before Washing (g): 140.33 ~with tare) 
Dry Weight After Washing (g): 139.05 (With tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 1.37 / 98.49 100 ,.., 1.37 
#4 4.750 0.09 / 98.39 100 / 0.09 
#7 2.800 0.19 / 98.18 100 ,/ 0.19 

#10 2.000 0.06 98 .1 1 100 / 0.06 ,.., 
#14 1.400 0.03 / 98.08 100 / 0.03 
#18 1.000 0.07 / 98.00 100 / 0.07 
#25 0.710 0.21 / 97.77 95 / 0.20 
#35 0.500 0.75 / 96.94 80 ../ 0.60 
#45 0.355 3.17 / 93.44 70 / 2.22 
#60 0.250 24.51 ./ 66.36 50 / 12.26 
#80 0.180 47.33 _/ 14.06 30 / 14.20 

#120 0.125 9.67 / 3.38 20 / - 1.93 
#170 0.090 0.96 / 2.32 5 / 0.05 
#200 0.075 0.09 / / 2.22 1 / 0.00 
#230 0.063 0.05 / 

2. 17 1 / 0.00 

Total Shell Content: 24 % 



r 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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T GRAVEL SAND l COBBLES I COARSE I FiNE COARSE MEDIUM FINE SILT OR CLAY 

Sample No. Elev. Or Depth Classification %CO, G, Natw% LL PL PI 

• 3 13.2'-13.7' SAND, poorly-graded, mostly fine-grained 24 Project Ocean Isle Renourishmenl 
quartz, lillie carbonate. trace sill. lighl olive 

brown (SP) 
Area 

Boring No. 01-05-03 
Date 8/1/2005 

GRADATION CURVES 
ENG FORM 2087 

MAY 63 
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Project: 
Project No.~ 
Boring No.: 
Sample No.: 
Description: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 13.2'-13.7' _ 
2216-01-60 Date: 8/1/2005 
01-05-03 _./"' 
3 / 
SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
trace silt, light olive brown (SP) ~ 

Tare Weight, (g): 
Dry Wt. Before Washing (g): 

50.77 _./' 
166.68 (wlth tare) 
164.16 (wfth tare) Dry Weight After Washing (g): 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 12.89 / 88.88 100 .-" 12.89 
3/8'' 9.500 0.00 / 88.88 0 0.00 
#4 4.750 0.09 ./ 88.80 100 / .0.09 
#7 2.800 0.22 ./ 88.61 100 /"' 0.22 

#10 2.000 0.98 ./ 87.77 100 / 0.98 . 
#14 1.400 1.04 ........... 86.87 100 

/ 

1.04 
#18 1.000 1.65 / 85.45 100 / 1.65 
#25 0.710 2.00 / 83.72 95 / 1.90 
#35 0.500 3.01 /' 81 .12 80 / 2.41 
#45 0.355 3.76 / 77.88 70 _./' 2.63 
#60 0.250 7.84 / 71.12 50 3.92 
#80 0.180 24.12 ./ 50.31 30 / 7.24 

#120 0.125 46.37 / 10.30 10 ./ . 4.64 
#170 0.090 8.05 / 3.36 5 

_,. 
0.40 

#200 0.075 0.95 / 2.54 1 / 0.01 -
#230 0.063 0.33 / 2.25 1 ../ 0.00 

Total Shell Content: 24 % 
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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COBBLES I COARSE I FINE COARSF MEDIUM FINE I SILT OR CLAY 

Sample No. Elev. Or Depth Classlflcatlon %C03 G, Natw% LL PL PI 

• 1 2.9'- 3.4' SAND, poorly-graded. mostly fine-grained 
quartz, liltle carbonate, t race silt, light onve 

27 Project Ocean Isle Renourishment 

brown (SP) 
Area 

Boring No. 01-05-05 

Date 8/1/2005 

. GRADATION CURVES 

ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997- 1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment J Depth: 
2216-01-60 ./ Date: 
01-05-05 _..,/ 

1 / 

2.9'- 3.4'__.-
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
trace silt, light olive brown (SP) 

Tare Weight, (g): 49.28 / 

Dry Wt. Before Washing (g): 174.98 (with tare) 
Dry Weight After Washing (g): 173.71 ~th tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4'' 19.000 0.00 100.00 0 / 0.00 / 

3/8" 9.500 0.00 / 100.00 0 / 0.00 
#4 4.750 0.36 L 99.71 100 / 0.36 
#7 2.800 0.41 / 99.39 100 / 0.41 

#10 2.000 0.45 / 99.03 100 / 0.45 
#14 1.400 0.72 / 98.46 100 / 0.72 
#18 1.000 1.70 / 97.10 95 .-/ 1.62 
#25 0.710 3.68 / 94.18 80 /, 2.94 
#35 0.500 13.40 / 83.52 70 

...,. 
9.38 

#45 0.355 30.51 / 59.24 50 / 15.26 
#60 0.250 44.29 / 24.01 30 ./ 13.29 
#80 0.180 21.34 / 7.03 10 _..,/' 2.13 
#120 0.125 6.27 / 2.04 5 / - 0.31 
#170 0.090 0.53 / 1.62 1 -- 0.01 
#200 0.075 0.01 / 1.61 1 / 0.00 
#230 0.063 0.01 _/ 1.61 1 / 0.00 

Total Shell Content: 27 % 
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• 2 6.9'- 7.4' SAND, poorly-graded, mostly fine-grained 29 Project Ocean Isle Renourishmenl 
quartz, Illite carbonate, trace silt, light olive 

brown (SP) 
Area 

Boring No. 01-05-05 -
Date 8/1/2005 

GRADATION CURVES 
ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
304 7-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I 
I 

Depth; 
2216-01-60 ,../ Date: 
01-05-05 ../ 

2 / 

6.9'-7.4' .-
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, l ittle carbonate, 
trace silt, light olive brown (SP) 

Tare Weight, (g): 50.26 / 
Dry Wt. Before Washing (g): 166.39 {with tare) 

Dry Weight After Washing (g): 165.12 (wf(h tare) 

Sieve Size Sieve Size Weight 
. Approx. 

Approx. Visual 
(Name) (mm) Retained (g) 

% Passing Visual Shell 
Shell Wt. (g) 

% 

3/4'' 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0.79 ../ 99.32 100 - 0.79 
#7 2.800 0.84 / 98.60 100 / 0.84 

#10 2.000 0.53 / 98.14 100 _, 0.53 
#14 1.400 0.96 ../ 97.31 100 _./ 0.96 
#18 1.000 2.00 / 95.59 95 ~ 1.90 
#25 0.710 5.27 ..../"' 91 .05 80 / 4.22 
#35 0.500 19.06 / 74.64 70 / 13.34 
#45 0.355 28.87 _./ 49.78 50 --- 14.44 
#60 0.250 28.47 / 25.26 30 / 8.54 
#80 0.180 20.36 / 7.73 10 / 2.04 

#120 0.125 6.43 / 2.20 5 / - 0.32 
#170 0.090 0.63 / 1.65 1 _./ 0.01 
#200 0.075 0.03 / 1.63 1 / 0.00 
#230 0.063 0.01 / 1.62 1 / 0.00 

Total Shell Content: 29 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Sample No. Elev. Or Depth Classification %CO, G, Natw% LL PL PI 

• 3 10.9'-11.4' SAND, poorly-graded, mostly fine -grained 44 Project Ocean Isle Renourishment 
quartz. some carbonate, trace sill, olive 

brown (SP) 
Area 

Boring No. 01-05-05 

Date 8/1/2005 

GRADATION CURVES 
ENG FORM 2087 

MAY63 



P:\GEOTECH\oi-o5(ocean).dgn  4/21/2006 11:09:17 AM

DRILLING LOG I,UTH ATLANTIC 
L -...CT 
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I 
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

100 • • l ' ''"' ' "' "' >II l • • • '0 tc " 
, . ,. •• •• 70 100 ... 100 

0 :-:-... 
~ 

90 10 \ 
-

'\ 
80 - -- ·- 20 

\ 
70 . -. -- --- - -

~ 
30 .... 

. 
~ . :r 

~ 
~ w 
~ 60 40 ~ 

>-
>- Ill 
Ill - - -- . 

0:: 
0:: w 

(/) w 50 - - - - - - so 0:: z <( u:: 0 
1- - --- - .. - (.J 

ffi ... 
z (.J 40 I• - - 60 w 

0:: u w 0:: 
CL - - -- - w 

CL 

30 - .. __ -- 70 

20 - 80 

- . . 

10 - - 90 

0 100 
1000 500 100 50 10 5 1 0.5 0.1 0.05 0.01 0.005 0.001 

I GRAVEL SAND I I COBBLES I COARSE I f li'IE C"ARSE llo\EOIUM FlNE I SILT OR CLAY 

Sample No. Elev. 'or Depth Classlllcation %COl G, Nat w% LL PL PI 

• 1 10.6'- 11.1' SAND, poorly-graded, mostly fine-grained 20 Project Ocean Isle Renourishment 
quartz, fittle carbonate, trace silt, light olive 

brown (SP) 
Area 

Boring No. 01-05-06 

Date 8/1/2005 

GRADATION CURVES 

ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-6 / 

1 / 

10.6'-11 .1' ..... 
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
trace silt, light olive brown (SP) ,/ 

Tare Weight, (g): 49.83 / 
Dry Wt. Before Washing (g): 144.88 (with tare) 

Dry Weight After Washing (g): 143.92 (.wtth tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4'' 19.000 0.00 100.00 0 0.00 
3/8.' 9.500 0.00 100.00 0 0.00 
#4 4.750 0.39 / 99.59 100 . ...-- 0.39 
#7 2.800 0.91 .../ 98.63 100 / 0.91 

#10 2.000 0.56 / 98.04 100 / 0.56 
#14 1.400 1.12 / 96.86 100 / 1.12 
#18 1.000 1.97 / 94.79 100 / 1.97 
#25 0.710 4.05 / 90.53 80 / 3.24 
#35 0.500 9.14 / 80.92 50 / 4.57 
#45 0.355 12.68 / 67.57 50 / 6.34 
#60 0.250 20.68 / 45.82 30 / 6.20 
#80 0.180 27.15 / 17.25 10 / 2.72 

#120 0.125 13.83 / 2.70 5 / . 0.69 
#170 0.090 1.50 / 1.13 1 / 0.02 
#200 0.075 0.06 / 1.06 1 / 0.00 
#230 0.063 0.01 / 1.05 1 / 0.00 

Total Shell Content: 20 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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I I GRA\IEL SAND I l COBBLES I COARSE I FINE COARSE MEDIUM ANE I SILT OR CLAY 

Sample No. Elev. Or Depth Classification %CO, G. Natw% ll Pl PI . 2 14.6'-15.1' SAND, poorly-graded, mostly fine-grained 23 Project Ocean Isle Renourishmenl 
quartz, little carbonate, trace sill, light olive 

brown (SP) 
Area 

Boring No. 01-05-06 

Date 8/1/2005 

GRADATION CURVES 

ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville. Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment J Depth: 
2216-01-60 Date: 
01-05-6 / 

2 / 

14.6'-15.1' - · 
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
trace silt, light olive brown (SP) / 

Tare Weight. (g) ~ 50.29 /" 

Dry Wt. Before Washing (g): 163.55 (with tare) 
Dry Weight After Washing (g): 161 .77 (.wf(h tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0.73 / 99.36 100 ./ 0.73 
#7 2.800 0.70 ./ 98.74 100 / 0.70 

#10 2.000 0.65 / 98. 16 100 ../ 0.65 
#14 1.400 0.94 ./ 97.33 100 / 0.94 
#18 1.000 1.77 / 95.77 95 / 1.68 
#25 0.710 3.42 ./ 92.75 80 / 2.74 
#35 0.500 9.35 / 84.50 70 / 6.55 
#45 0.355 15.65 / 70.68 50 / 7.83 
#60 0.250 23.25 / 50.15 30 / 6.98 
#80 0.1 80 29.13 / 24.43 20 / 5.83 
#120 0.125 21.09 / 5.81 10 / . 2.11 
#170 0.090 3.35 / 2.85 5 / 0.17 
#200 0.075 0.45 ./ 2.45 1 / 0.00 
#230 0.063 0.23 / 2.25 1 / 0.00 

Total Shell Content: 23 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Sample No. Elev. Or Depth Classification ·~.co, G, Natw% LL PL PI 

• 3 15.5'- 16.0' SAND, poorlyijraded, mostly nne-grained 11 Project Ocean Isle Renourishment 
quartz, few carbonate, trace sill , light olive 

brown (SP) 
Area 

Boring No. Ot-05·06 

Date 8/1 /2005 

GRADATION CURVES 
ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-6 / 

3 ./ 

15.5'- 16.0'--
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
silt, light olive brown (SP) / 

Tare Weight, (g): 50.53 / 

Dry Wt. Before Washing (g): 150.54 (with tare) 
Dry Weight After Washing (g): 148.01 (wrfh tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0.00 100.00 0 - 0.00 
#7 2.800 0.00 100.00 0 0.00 
#10 2.000 0.07 / 99.93 100 / 0.07 
#14 1.400 0.06 / 99.87 100 / 0.06 
#18 1.000. 0.05 ./ 99.82 100 / 0.05 
#25 0.710 0.03 / 99.79 100 / 0.03 
#35 0.500 0.21 / 99.58 95 / 0.20 
#45 0.355 0.54 ../ 99.04 80 ./ 0.43 
#60 0.250 3.21 / 95.83 50 / 1.61 
#80 0.180 23.63 / 72.20 30 / 7.09 

#120 0.125 57.75 / 14.46 10 / . 5.78 
#170 0.090 10.56 / 3.90 5 / 0.53 
#200 0.075 1.11 / 2.79 1 ./ 0.01 
#230 0.063 0.25 / 2.54 1 / 0.00 

Total Shell Content: 11 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Sample No. Elev. Or Depth Classification %CO, G, Nat w"/o LL PL PI 

• 4 . 18.3'- 18.8' SAND. poorly-graded, mostly fine-grained 
quartz, few carbonate, trace sill , light oltve 

6 Project Ocean Isle Renourishment 

brown (SP) 
Area 

Boring No. 01-05-06 

Date 8/1/2005 

' GRADATION CURVES 

ENG FORM 2087 

MAY 63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1 400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment l Depth : 
2216-01-60 Date: 
01-05-6 / 

4 / 

18.3'- 18.8' -
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
silt, light olive brown (SP) / 

Tare Weight, (g): 50.1 8 _/"' 

Dry Wt. Before Washing (g): 161 .3 (with tare) 
Dry Weight After Washing (g): 157.92 (with tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing V isual Shell 

(Name) (mm) Retained (g ) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8'' 9.500 0.00 100.00 0 0.00 
#4 4.750 0.00 100.00 0 0.00 
#7 2.800 0.28 / 99.75 100 ..,...- 0.28 
#10 2.000 0.16 ./ 99.60 100 / 0.16 
#14 1.400 0.17 / 99.45 100 / 0.17 
#18 1.000 0.16 / 99.31 100 / 0.16 
#25 0.710 0.26 / 99.07 95 / 0.25 
#35 0.500 0.42 / 98.70 90 / 0.38 
#45 0.355 0.73 / 98.04 80 / 0.58 
#60 0.250 4 .70 ........ 93.81 40 / 1.88 
#80 0.180 35.77 / 61 .62 10 / 3.58 

#120 0.125 49.69 ../ 16.90 5 / 2.48 -
#170 0.090 12.42 / 5.72 1 ./ 0.12 
#200 0.075 2 .00 ./ 3.92 1 / 0.02 
#230 0.063 0.53 / 3.45 1 / 0.01 

Total Shell Content: 6 % 



P:\GEOTECH\oi-o5(ocean).dgn  4/21/2006 11:04:51 AM

Hole No 01-05-07 

DRILLING LOG I""'TouTH ATLANTIC 
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I. ..:CTIQN or tel.! .. OAT£ HilL£ :srMTED •COIFIJ!:TI!D 
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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I GRAVEL SAND I I COBBLES I COARSE I FINE COARSE I MEDIUM FINE I SILT OR CLAY 

Sample No. Elev. Or Depth Classification %C01 G. Natw% LL PL PI 

• 1 3.8'- 4.3' SAND, poorly-graded, mostly fine-grained 7 Project Ocean Isle Renourishment 
quartz, few carbonate, trace silt, light olive 

brown (SP) 
Area 

Boring No. 01-05-07 

Date 8/1/2005 

. GRADATION CURVES 

ENG FORM 2087 

MAY 63 



Project: 
Project No.: 
Boring No. ~ 

Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment J Depth: 
2216·01-60 Date: 
01-05-7 ./ 

1 / 

3.8'- 4.3' --
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, few carbonate, trace 
silt, light olive brown (SP) / 

Tare Weight, (g): 49.99 / 

Dry Wt. Before Washing (g): 178.29 (With tare) 
Dry Weight After Wash ing (g): 175.86 (with tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8'' 9.500 0 .00 100.00 0 0.00 
#4 4 .750 0.00 100.00 0 0.00 
#7 2.800 0.24 ./ 99.81 100 / 0.24 

#10 2.000 0.08 / 99.75 100 / 0.08 
#14 1.400 0 .20 / 99.59 100 / 0.20 
#18 1.000 0 .25 / 99.40 100 / 0.25 
#25 0 .710 0.39 ./ 99.10 90 / 0.35 
#35 0.500 0.79 / 98.48 70 ./ 0.55 
#45 0.355 1.75 / 97.12 so / 0.88 
#60 0.250 7 .17 / 91 .53 30 / 2 .15 
#80 0.180 51 .30 / 51 .54 10 / 5.13 
#120 0.125 54.07 _.,- 9.40 5 / - 2 .70 
#1 70 0.090 8.65 ./ 2.66 1 / 0 .09 
#200 0.075 0.68 / 2.13 1 / 0.01 
#230 0.063 0.14 / 2 .02 1 / 0.00· 

Total Shell Content: 7 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Sample No. Elev. Or Depth Classification %C02 G, Nat w"h. LL PL Pi . 2 5.8'- 6.3' SAND, poorly-graded, mostly fine-grained 
quartz, little carbonate, trace silt , light olive 

16 Project Ocean Isle Renourishment 

brown (SP) 
Area 

Boring No. 01-05-07 

Date 81112005 

GRADATION CURVES 
ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
304 7-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SlZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-7 / 

2 ./ 

5.8'- 6.3' ...--
8/1/2005 

Description: SAND, poorly-gradedt mostly fine-grained quartz, little carbonate, 
trace silt, light olive brown (SP) v' 

Tare Weight, (g): 49.90 / 

Dry Wt. Before Washing (g): 151.49 ~ith tare) 
Dry Weight After Washing (g): 150.16 (-Wifh tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0.00 100.00 0 0.00 
#7 2.800 0.00 100.00 0 0.00 

#10 2.000 0.02 / 99.98 100 "/ 0.02 
#14 1.400 0.05 / 99.93 100 ./ 0.05 
#18 1.000 0.06 / 99.87 100 ./ 0.06 
#25 0.710 0.05 / 99.82 100 ../ 0.05 
#35 0.500 0.27 ./' 99.56 95 / 0.26 
#45 0.355 0.72 ./ 98.85 80 / 0.58 
#60 0.250 4.49 / 94.43 50 / 2.25 
#80 0.180 33.93 / 61 .03 30 ./ 10.18 

#120 0.125 51 .57 ../ 10.27 20 / 10.31 
#170 0.090 8.09 / 2.30 5 / 0.40 
#200 0.075 0.56 / ' 1.75 1 ../ 0.01 
#230 0.063 0.05 / 1.70 1 / 0.00 

Total Shelf Content: 16 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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I GRAVEL SAND I COBBLES I COARSE I FINE COARSE MEOIUM FINE l SILT OR CLAY 

Sample No. Elev. Or Depth Classification %C03 G. Natw% LL PL PI 

• 3 6.7'- 7.2' SAND, silty, mostly fine·grained quartz 
sand, little sill. few carbonate, litt le 

7 Project Ocean Isle Renourishment 

limestone fragments, olive brown (SM) 
Area 

Boring No. 01·05-07 
Date 8/1/2005 

GRADATION CURVES 
ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-7 / 

3 / 

6.7'- 7.2' ..--
8/1/2005 

Description: SAND, silty, mostly fine-grained quartz sand, little silt, few carbonate, 
little limestone fragments, olive brown (SM) ~ 

Tare Weight, (g) : 50.95 / 

Dry Wt. Before Washing (g) : 145.75 (.with tare) 
Dry Weight After Washing (g): 127.2 (witfl tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4'' 19.000 28.72 / 69.70 0 0.00 
3/8" 9.500 2.65 ./ 66.91 50 / 1.33 
#4 4.750 5.93 / 60.65 30 / 1.78 
#7 2.800 1.73 / ' 58.83 50 ,./' 0.87 

#10 2.000 2.02 / 56 .70 50 / 1.01 
#14 1.400 1.74 / 54.86 50 / 0.87 
#18 1.000 1.89 / 52.87 30 / 0.57 
#25 0.710 1.71 / 51 .07 30 / 0.51 
#35 0.500 2.38 / 48.55 30 .../ 0.71 
#45 0.355 3.22 / 45.16 20 / 0.64 
#60 0.250 5.24 ......- 39.63 10 .../' 0.52 
#80 0.180 8.50 / 30.66 1 / 0.09 

#120 0.125 6.56 / 23.74 1 ......- 0.07 
#170 0.090 1.86 / 21.78 1 ....,.,..... 0.02 
#200 0.075 0.65 / 21.10 1 ......- 0.01 
#230 0.063 0.59 / 20.47 1 ./" 0.01 

Total Shell Content: 7 % 
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I 
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Sample No. Elev. Or Depth Classlllcatlon %C01 G. Nat w"lo LL PL PI 

• 1 3.4'- 3.9' SAND, poorly graded. mostly fine-grained 48 Project Ocean Isle Renourishment 
quartz. some carbonate, trace sill, olive 

brown (SP) 
Area 

Bor ing No. 01-05-08A 

Date 8/1/2005 

GRADATION CURVES 

ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment l Depth: 
2216-01-60 Date: 
01-05-SA ../ 
1 / 

3.4'- 3.9' ./" 
8/1/2005 

Description: SAND, poorly graded, mostly fine-grained quartz} some carbonate, 
trace silt, olive brown (SP) ./ 

Tare Weight, (g): 49.48 .,....-
Dry Wt. Before Washing (g): 164.92 (.with tare) 

Dry Weight After Washing (g): 163.7 (with tare) 

Sieve Size Sieve Size Weight 
Approx. 

Apprdx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 7.26 / 93.71 100 / 7.26 
3/811 9.500 6.16 _../ 88.37 100 ../ 6.16 
#4 4.750 5.90 ./ 83.26 100 / 5.90 
#7 2.800 4.57 / 79.31 100 / 4.57 

#10 2.000 4.00 / 75.84 100 ../ 4.00 
#14 1.400 5.52 / 71 .06 100 ./ 5.52 
#18 1.000 8.86 ./ 63.38 90 _./'" 7.97 
#25 0.710 12.48 / 52.57 80 __..- 9.98 
#35 0.500 19.75 ./ 35.46 70 ../ 13.83 
#45 0.355 16.17 / 21 .46 50 _./ 8.09 
#60 0.250 12.70 _./'" 10.46 30 . ...,..,.., 3.81 
#80 0.180 7.52 / 3.94 10 _..../ 0.75 

#120 0.125 2.53 / 1.75 5 ../ 0.13 
#170 0.090 0.27 / 1.52 1 ,./ 0.00 
#200 0.075 0.07 / 1.46 1 / 0.00 
#230 0.063 0.02 _/ 1.44 1 / 0.00 

Total Shell Content: 48 % I 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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quartz, some carbonate, t race silt. olive 

brown (SP) 
Area 

Boring No. 01-05-0BA 

Date 611/2005 

GRADATION CURVES 

ENG FORM 2087 

M.AY 63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · ·(904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
Ol-05-08A / 

2 ./ 

6.4'- 6.9' .... 
8/1/2005 

Description: SAND, poorly graded, mostly fine-grained quartz, some carbonate, 
trace silt, olive brown (SP) 

Tare Weight, (g): 49.72 ./ 

Dry Wt. Before Washing (g): 148.19 (wtth tare) 
Dry Weight After Washing (g): 147.06 (wrth tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 / 100.00 0 -- 0.00 
3/8" 9.500 2.94 / 97.01 100 - 2.94 
#4 4.750 3.23 / 93.73 100 - 3.23 
#7 2.800 3.98 / 89.69 100 .......... 3.98 

#10 2.000 3.08 ./' 86.56 100 __.., 3.08 
#14 1.400 4.41 _./ 82 .09 100 ./ 4.41 
#18 1.000 7.30 / 74.67 90 _./ 6.57 
#25 0.710 8.93 

_,.... 
65.60 70 - 6.25 

#35 0.500 12.16 / 53.25 50 ./ 6.08 
#45 0.355 11 .64 .,.... 41.43 30 _.,....- 3.49 
#60 0.250 14.88 / 26.32 10 .........- 1.49 
#80 0.180 17.32 / 8.73 5 / 0.87 

#120 0.125 7.42 / 1.20 1 / 0.07 
#170 0.090 0.54 / 0.65 1 -- 0.01. 
#200 0.075 0.15 / 0.50 1 - 0.00 
#230 0.063 0.08 / 0.42 1 / 0.00 

Total Shell Content: 29 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Sample No. Elev. Or Depth Classification %CO, G, Nat w'lt LL PL PI 
• 3 7.3'- 7.8' SAND, poorly graded, mostly fine-grained 

quartz, little carbonate, trace silt, greenish 
26 Project Ocean Isle Renourlshmenl 

gray (SP) 
Area 

Boring No. 01-05-0BA 

Date 811/2005 

GRADATION CURVES 
ENG FORM 2087 

MAV63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth : 
2216-01 -60 Date: 
01-05-0SA / 

3 / 

7.3'- 7.8' ,..... 

8/1 /.2005 

Description : SAND, poorly graded, mostly f ine-grained quartz, little carbonate, 
trace silt, green ish gray (SP) 

v 
Tare Weight, (g) : 50.21 / 

Dry Wt. Before Washing {g): 170.68 {with tare) 
Dry Weight After Washing (g): 168.96 (Wlth tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0 .00 100.00 0 0.00 
#7 2.800 0.08 / 99 .93 100 / 0.08 

#10 2.000 0.11 ,..... 99.84 100 / 
0.11 

#14 1.400 0.11 / 99.75 100 / 0.11 
#18 1.000 0.19 _,./"' 99.59 100 L _ 0.19 
#25 0.710 0.32 / 99.33 100 _,.,... 0 .. 32 
#35 0.500 1.44 .......... 98.13 90 / 1.30 
#45 0.355 8.34 / 91.21 70 / 5.84 
#60 0.250 35.16 ../ 62.02 50 / 17.58 
#80 0.180 56.81 ../ 14.87 30 / 17.04 

#120 0.125 15.40 ../ 2.08 10 / 1.54 
#170 0.090 0.68 / 1.52 1 / 0.01 
#200 0.075 0.19 / 1.36 1 / 0.00 
#230 0.063 0.07 / 1.30 1 / 0.00 

Total Shell Content: 26 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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COBBLES r COARSE I FlNE COARSE MEDIUM FINE SILT OR CI_AY 

Sample No. Elev. Or Depth Classllicatlon %C01 G, Natw% Ll PL PI 

• 4 9.9'- 10.4' SAND, poorly graded, mostly fine-grained 35 Project Ocean Isle Renounshmenl 
quartz. some carbonate, trace silt, light olive 

brown (SP) 
Area 

Boring No. 01·05-0SA 

Date 8/1/2005 

GRADATION CURVES 

ENG FORM 2087 

MAY 63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1 400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth : 
2216-01-60 Date: 
01-05-SA / 
4 / 

9.9'-10.4
1 

·--

8/1/2005 

Description: SAND, poorly graded, mostly fine-grained quartz, some carbonate, 
trace silt, light olive brown (SP) ~ 

Tare Weight, (g): 50.03 / 
Dry Wt. Before Wash ing (g): 188.77 (with tare) 

Dry Weight After Washing (g): 184.88 ~lh tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4'' 19.000 0.00 100.00 0 0.00 
3/8" 9.500 6.86 _.... 95.06 100 __,.- 6.86 
#4 4.750 4.00 / 92.17 100 ,.- 4.00 
#7 2 .800 2.43 / 90.42 100 ,.-- 2.43 

#10 2 .000 1.65 / 89.23 100 ../"' 1.65 
#14 1.400 2.55 / 87.39 100 --- 2.55 
#18 1.000 4.47 _./ 84.1 7 90 / 4.02 
#25 0.710 7.60 ./' 78.69 70 ../ 5.32 
#35 0.500 21 .21 _.... 63.41 50 _... 10.61 
#45 0.355 31 .01 ./ 41.06 50 -- 15.51 
#60 0.250 31.21 _... 18.56 30 ../"' 9.36 
#80 0.180 14.30 ./ 8.25 10 / 1.43 

#120 0.125 5.03 ../"' 4.63 5 _, 0.25 
#170 0.090 1.45 / 3.58 1 _.... 0.01 
#200 0.075 0.45 _,./ 3 .26 1 ~ 0.00 
#230 0.063 0.25 / 3.08 1 0.00 

Total Shell Content: 35 % I 
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I GRAVEL SAND I I COBBLES I COARSE I FINE COARSE MEDIUM FINE l SILT OR CLAY 

Sample No. Elev. Or Depth Classification %C01 G, Natw% LL PL PI 

• 1 4.7'- 5 .2' SAND, poorly-graded, mostly fine-grained 33 Project Ocean Isle Renourishment 
quartz, some carbonate, trace silt, light olive 

brown (SP) 
Area 

Boring No. 01-05-09 

Date 8/1/2005 

GRADATION CURVES 
ENG FORM 2087 

MAY63 



Project 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-9 / 

1 / 

4.7'- 5.2' ,,..-
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, some carbonate, 
trace silt, light olive brown (SP) /' -

Tare Weight, (g): 49.90 / ' 

Dry Wt. Before Washing (g): 162.09 {.wrth tare) 
Dry Weight After Washing (g): 161 .23 (.wif11 tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.16 ./ 99.86 100 ~ 0.16 
#4 4.750 2.66 / 97.49 100 / 2.66 
#7 2.800 3.01 / 94.80 100 / 3.01 

#10 2.000 1.49 /" 93.48 100 ./ 1.49 
#14 1.400 2.07 / 91.63 100 ./ 2.07 
#18 1.000 3.80 / 88.24 95 / 3.61 
#25 0.710 6.20 / 82.72 80 / 4.96 
#35 0.500 14.01 ./ 70.23 70 /" 9.81 
#45 0.355 22.63 ./ 50.06 50 / 11 .32 
#60 0.250 30.58 / 22.80 30 / 9.17 
#80 0. 180 19.63 / 5.30 20 ,./ 3.93 

#120 0.125 4.91 / 0.93 5 / - 0.25 
#170 0.090 0.39 / 0.58 1 / 0.00 
#200 0.075 0.06 / 0.53 1 / 0.00 
#230 0.063 0.02 ./ 0.51 1 / 0.00 

Total Shell Content: 33 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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1 GRAVEL SAND T l COBBLES r COARSe I FINE COARSE MEDIUM FINE l SILT OR CLAY 

Sample No. Elev. Or Depth Classification %CO, G. Natw% LL PL PI ' 
• 2 8.2'- 8.7' SAND, poorly-graded, mostly fine-grained 

quar1z. lillie carbonate, trace sill, light olive 
19 Project Ocean Isle Renourishment 

brown (SP) -
Area 

Boring No. 01-05-09 
Date 8/1/2005 

' GRADATION CURVES 
ENG FORM 2087 

MAY63 

/ 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-9 .../ 

2 / 

8.2'- 8.7' ,../' 
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
trace silt, light olive brown (SP) / 

Tare Weight, (g): 50.32 ./ 

Dry Wt. Before Washing (g): 163.59 (-With tare) 
Dry Weight After Washing (g): 161 .65 (wtfh tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0.45 / 99 .60 100 / 0.45 
#7 2.800 0.24 / 99.39 100 / 0.24 

#10 2.000 0.27 ./ 99.15 100 / 0.27 
#14 1.400 0.44 / 98.76 100 / 0.44 
#18 1.000 0.83 ../ 98.03 100 / 0.83 
#25 0.710 2.02 .,/ 96.25 90 ./ 1.82 
#35 0.500 8.12 ./ 89.08 70 ../ 5.68 
#45 0.355 16.05 / 74.91 50 / 8.03 
#60 0.250 29.58 / 48.79 30 / 8.87 
#80 0.180 39.10 / 14.28 10 ..../ 3.91 

#120 0.125 12.49 / 3.25 5 / . 0.62 
#170 0.090 1.37 / 2.04 1 ./ 0.01 
#200 0.075 0.34 / 1.74 1 /' 0.00 
#230 0.063 0.24 / 1.53 1 / 0.00 

Total Shell Content: 19 % 
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0.0" TO 7.6" WATER 

SOLS ME FIELD IIISUALL Y 
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WITH THE I.WIIEO SOl. 
CLASSFICATDII SYSTEM 

ENG F"ORII1836 ..,......,. .,.,.... ..,. -•"· ... " 

Time begin vibrocoring: 
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Saols described by Keley J. 
Kaltenbach, Geologist·Trai'lee. 
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/ 
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Sample No. Elev. Or Depth Classification %C03 G, Nat w"/o LL PL PI 
• 1 7.6'- 8.1' SAND, poorly-graded, mostly fine-grained 31 Project Ocean Isle Renourishment 

quartz, some carbonate. trace silt , light olive 
brown (SP) 

Area 

Bor ing No . 01-05-10 

Date 8/1/2005 

GRADATION CURVES 
ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-10 / 

1 / 

7.6'- 8.1' ~ 
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, some carbonate, 
trace silt, light olive brown (SP) v 

Tare Weight, (g): 50.31 / 

Dry Wt. Before Washing (g): 163.65 (wtth tare) 
Dry Weight After Washing (g): 162.21 (wifhtare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) 
% 

Shell Wt. (g) 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 3.86 / 96.59 100 / 3.86 
#4 4 .750 1.45 ~ 95.31 100 / 1.45 
#7 2.800 1.33 / 94.14 100 -"' 1.33 

#10 2.000 1.52 / 92.80 100 ./ 1.52 
#14 1.400 2.05 ./' 90.99 100 / 2.05 
#18 1.000 3.49 ./ 87.91 95 / 3.32 
#25 0.710 4.50 ./ 83.94 80 / 3.60 
#35 0.500 7.28 / 77.52 70 _,., 5.10 
#45 0.355 8.79 / 69.76 70 / 6. 15 
#60 0.250 17.94 / 53.94 50 / 8.97 
#80 0.1 80 36.21 / 21.99 30 

_,.,. 
10.86 

#120 0.125 21.03 / 3.43 10 / . 2.10 
#170 0.090 1.77 / 1.87 1 ./ 0.02 
#200 0.075 0.21 / 1.69 1 / _... 0.00 
#230 0.063 0.01 / 1.68 1 ..;" 0.00 

Total Shell Content: 31 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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I GRAVEL SAND I 
COBBLES I COARSE I FINE CO.AIISE MEOIIJ,_ FlHE I SILT OR CLAY 

Sample No. Elev. Or Depth Classification %CO, G, Nat w"h LL PL PI 

• 2 11.6'-12.1' SAND, poorly-graded. mostly fine-grained 31 Project Ocean Isle Renourishment 
quartz, some carbonate, trace sill, light olive 

brown (SP) 
Area 

Boring No. 01-05-10 
Date 8/1/2005 

GRADATION CURVES 

ENG FORM 2087 

MAV63 



Project: 
Project No.: 
Boring No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-10 / 

2 / 

11.6'-12.1' ./ 
8/1/2005 

Sample No.; 
Description: SAND, poorly-graded, mostly fine-grained quartz, some carbonate, 

trace silt, light olive brown (SP) v' 

Tare Weight, (g): 50.13 / 

Dry Wt. Before Washing (g): 157.83 (With tare) 
Dry Weight After Washing (g): 156.31 (wrth tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8'' 9.500 3.02 / 97.20 100 / 3.02 
#4 4.750 1.66 /" 95.65 100 / 1.66 
#7 2.800 1.64 .../ 94.13 100 / 1.64 

#10 2.000 1.82 ./ 92.44 100 .,/ 1.82 
#14 1.400 3.34 / 89.34 100 ./ 3.34 
#18 1.000 5.55 ...,..- 84.19 95 / 5.27 
#25 0.710 7.71 / 77.03 80 / 6.17 
#35 0.500 11 .10 / 66.72 70 --- 7.77 
#45 0.355 8.17 / 59.14 70. / 5.72 
#60 0.250 9.32 / 50.48 50 / 4.66 
#80 0.180 20.07 / 31 .85 30 / 6.02 

#120 0.125 29.60 / 4.36 5 / 1.48 
#170 0.090 3.09 / 1.49 1 / 0.03 
#200 0.075 0.30 / 1.22 1 / 0.00 
#230 0.063 0.09 / 1.13 1 / 0.00 

Total Shell Content: 31 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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GRAVEL SAND I 
COBBLES 

COARSE I FINE COARSE I MEDIUM FINE I SILT OR CLAY 

Sample No. Elev. Or Depth Classification %CO, G. Nat w".4 LL PL PI 

• 3 12.5'- 13.0' SAND, poorly-graded, mostly fine-grained 13 Project Ocean Isle Renourishment 
quartz, rew carbonate, trace sill, greenish 

gray (SP) 
Area 

Boring No. 01-05-10 

Date 8/1/2005 

GRADATION CURVES 

ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment J Depth: 
2216-01-60 Date: 
01-05-10 
3 

12.5'-13.0' 
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, few carbona-te, trace 
silt, greenish gray (SP) 

Tare Weight, (g)~ 50.09 
Dry Wt. Before Washing (g): 158.54 (with tare) 

Dry Weight After Washing (g): 156.75 (with tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0.26 99.76 100 0.26 
#7 2.800 0.39 99.40 100 0.39 
#10 2.000 0.11 99.30 100 0.11 
#14 1.400 0.19 99.12 100 0.19 
#18 1.000 0.23 98 .91 100 0.23 
#25 0.710 0.31 98.63 100 0.31 
#35 0.500 0.55 98.12 90 0.50 
#45 0.355 0.73 97.45 70 0.51 
#60 0.250 2.75 94.91 50 1.38 
#80 0.180 37.82 60.04 30 11 .35 

#120 0.125 57.00 7.48 10 - 5.70 
#170 0.090 5.68 2.24 1 0.06 
#200 0.075 0.50 1.78 1 0.01 
#230 0.063 0.21 1.59 1 0.00 

Total Shell Content: 13 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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T GRAVEL SAND I I COBBLES [ COARSE I FINE COARSE I MEDIUM FINE l SILT OR CLAY 

Sample No. Etev. Or Depth Cla$slficatlon %C01 G. Natw% LL Pl PI 

• 4 17.2'- 17.7' SAND, silly, mostly line-grained quartz 8 Project Ocean Isle Renourishment 
sand, some silt, lew carbonate, trace 

limestone fragments, olive brown (SM) 
Area 

Boring No. 01-05-10 

Date 8/1/2005 

GRADATIO N CURVES 

ENG FORM 2087 

MAY 63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-10 / 

4 / 

17.2'- 17.7' ~ 

8/1/2005 

Description: SAND, silty, mostly fine-grained quartz sand, some silt, few 
carbonate, trace limestone fragments, olive brown (SM) 

Tare Weight, (g): 49.77 ./ 

Dry Wt. Before Washing (g): 147.7 (With tare) 
Dry Weight After Washing (g): 110.73 (.with tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 3.36 / 96.57 25 / 0.84 
#7 2.800 1.70 ../" 94.83 50 / 0.85 

#10 2.000 1.56 ~ 93.24 30 / 0.47 
#14 1.400 1.29 / 91 .92 20 ./ 0.26 
#18 1.000 1.68 / 90 .21 20 / 0.34 
#25 0.710 1.80 ./ 88 .37 20 / 0.36 
#35 0.500 2.88 __... 85.43 30 / 0.86 
#45 0.355 4.17 / 81.17 30 / 1.25 
#60 0.250 8.75 / 72.24 20 ...,/" 1.75 
#80 0.180 14.66 / 57.27 10 / 1.47 

#120 0.125 11.45 / 45.57 5 __.,. 0.57 -
#170 0.090 4.00 / 41.49 1 / 0.04 
#200 0.075 1.87 / 39.58 1 

_,.. 
0.02 

#230 0.063 1.60 / 37.95 1 / 0.02 

Total Shelf Content: 8 % I 
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/ 
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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I GRAVEL SAND 1 
COBBLES I COARSE I FINE COARSE MEDIUM FINE l SILT OR CLAY 

Sample No. Elev. Or Depth Classification %C03 G. Natw% LL PL PI 

• 1 8.2'- 8.7' SAND, poorly-graded, mostly fine-grained 
quartz. little carbonate, trace silt. greenish 

15 Project Ocean Isle Renourishment 

gray (SP) 
Area 

Boring No. 01-05-11 
Date . 8/1/2005 

GRADATION CURVES 

ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No. : 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

· Ocean Isle Renourishment J Depth: 
2216-01-60 Date: 
01-05-11 ,../"" 

1 ./ 

8.2'- 8. 7' .........-
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
trace silt, greenish gray (SP) / 

Tare Weight, (g): 50.18 / 

Dry Wt. Before Washing (g): 138.64 {with tare) 
Dry Weight After Washing (g); 137.71 (.wffh tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0.00 100.00 0 0.00 
#7 2.800 0.01 ../ 99.99 100 _./ 0.01 

#10 2.000 0.12 / 99.85 100 / 0.12 
#14 1.400 0. 12 / 99.72 100 .,..,-- 0.12 
#18 1.000 0.15 / 99.55 100 / 0.15 
#25 0.710 0.31 / 99.20 100 _./ 0.31 
#35 0.500 1.21 / 97.83 60 -- 0.73 
#45 0.355 2.85 / 94.61 50 ./ 1.43 
#60 0.250 8.32 / 85.20 50 _./ 4.16 
#80 0.180 29.33 / 52.05 30 _,../ 8.80 
#120 0.125 40.36 ../ 6.42 10 _./ . 4.04 
#170 0.090 4.91 / 0.87 5 .,..,-- 0.25 
#200 0.075 0.24 / 0.60 1 / 0.00 
#230 0.063 0.08 / 0.51 1 / 0.00 

Total Shell Content: 15 % 



I.J.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Sample No. Elev. Or Depth Classification %C01 G, Nat w% LL PL PI 

• 2 11.2'- 11.7' SAND, poorly-graded, mostly fine-grained 20 Project Ocean Isle Renourishmenl 
quartz, little carbonate, trace sill , greenish 

gray (SP} 
Area 

Boring No. 01·05· 11 
Date 8/112005 

GRADATION CURVES 

ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-11 / 

2 / 

11.2'- 11.7' --
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
trace silt, greenish gray (SP) ~ 

Tare Weight. (g): 50.13 / 

Dry Wt. Before Washing (g): 145.19 fWith tare) 
Dry Weight After Washing (g): 144.43 (wfth tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0.02 ~ 99.98 100 ....- 0.02 
#7 2.800 0.01 / 99.97 100 /' 0.01 
#10 2.000 0.02 / 99.95 100 / 0.02 
#14 1.400 0.06 "' 99.88 100 / 0.06 
#18 1.000 0.15 / 99.73 100 / 0.15 
#25 0.710 0.35 / 99.36 90 ./ 0.32 
#35 0.500 2 .01 / 97.24 70 ..,...., 1.41 
#45 0.355 . 7 .74 / 89.10 50 ~ 3.87 
#60 0.250 21 .82 / 66.15 40 / 8.73 
#80 0.180 38.78 / 25.35 30 .,..,.- 11 .63 

#120 0.125 21.50 / 2.74 10 / . 2.15 
#170 0.090 . 1.97 / 0.66 5 / 0.10 
#200 0.075 0.17 / 0.48 1 

..,...., 
0.00 

#230 0.063 0.01 / 0.47 1 / 0.00 

Total Shell Content: 20 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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GRAVEL SAND 

I COBBLES 
COARSE I FINE COARSE I MEDIUM FINE SILT OR CLAY 

Sample No. Elev. Or Depth Classlflcation %CO, G, Natw% LL PL PI 

• 3 13'· 13.5' SAND, silty, mostly fine-grained quartz 9 Project Ocean Isle Renourishment 
sand, some sill , few carbonate, dark. 

greenish gray (SM) 
Area 

Boring No. 01·05-11 
Date 8/1/2005 

GRADATION CURVES 
ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-11 .,/ 

3 ----

13'- 13.5'........-
8/1/2005 

Description: SAND, silty, mostly fine-grained quartz sand, some sift, few 
carbonate, dark greenish gray (SM) 

Tare Weight, (g): 50.25 ---Dry Wt. Before Washing (g): 129.39 (wffh tare) 
Dry Weight After Washing (g): 93 .2 (\Nftf(tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0.14 ./ 99.82 100 ./ 0.14 
#7 2.800 0.23 / 99.53 100 / 0.23 
#10 2.000 0.22 /"' 99.25 100 / 0.22 
#14 1.400 0.08 ./ 99.15 100 /' 0.08 
# 18 1.000 0.24 / 98.85 90 _,... 0.22 
#25 0.710 0.36 / 98.40 90 - 0.32 
#35 0.500 1.22 --- 96.85 80 -- 0.98 
#45 0.355 3.05 / 93.00 50 / 1.53 
#60 0.250 7.52 ...,..-- 83.50 30 

----
2.26 

#80 0.180 14.19 / 65.57 10 ~ 1.42 
#120 0.125 10.75 / 51 .98 5 _,... 0.54 . 

#170 0.090 2.91 / 48.31 5 /"' 0.15 
#200 0.075 1.30 / 46.66 1 / 0.01 
#230 0.063 1.06 ./ 45.32 1 / 0.01 

Total Shell Content: 9 % I 



P:\GEOTECH\oi-o5(ocean).dgn  4/21/2006 11:20:02 AM

Hole No 01-05-12 
DRILLING LOG I""'TouTH ATLANTIC 

IIST.M.LATOt 1:-u 1 WILMINGTON DISTRICT Of' 1 SICETS 
L -...CT a. liZ! 1110 TYPE Of' IJf 4" Oia. Vbracore 

OCEAN ISLE RENOURISHMENT 1t OAT\.111 '011 O.IEYATICIN ..,_. • ., MR1 
2. LOCATDI..,.._.,,.... MLLW 

NC Coord. E 2187399.2 N 56483.8 12. IIIMU'ICTRII'S OEIGIATIQN GF' Dlll.L 
3. IR.LIC MI£NCY VIBRA CORE SNELL I 

WILMINGTON DISTRICT U. TOTII. IG. 01' OVDt• 
:·~· 

...... ,.,..a 
4. :=-e:,..IIO.,.,.. • .....,. 01-05-12 a.la:N SMFLI!S TMEN : 0 

14. TDTM. -· CORE BDUS N/A I. IIMIE Of' ORLLER 
LESTER GAUGHF !Crone Ooerotorl e. ELEYATOI GROI.IID WATER N/A 
I. a.:CTIDN CIF' HCl.£ W. DATE HII.E :STMTED •CCJIIILE TEO 

oo ......... o ......... OEG. , ... W:RT. ·4/20105 :4/20105 
17', EL£YATIIDN TCP CIF' HCIL£ 0.0 MLLW 

7. TICIILICSS ar CM:..a:N N/A ( 1.3" of Water) W. TDTA CDRE IIEcavatY FOR ....a; N/A • I. DEPTH DIIU.£0 lidO IIIOCIC o.o· a SIGIIATI.RE OF ltiii!CTGII 
I. TOUL DEPTH Of' HCIL£ 10.0" ICELL Y UL TEI8M:H. GEOLOGST TUIC£ 

Q.ASWICATIDN Of' IIIATERIM.S .... ...... -ELEYATOI DEPTH ....... IIECOV· -· -=::---~ III.LW f .. t - ERY ... "":"-• • • ' 0.0 u 0.0" TO 1.3" WATER Time begin vibracoring: 

: 1155 llrs. : Soo1s described by Kelley J. -: Kolt-..ch, GeoiOgist·Tro;,H. :-
: : 

1.0-= OCEAN BOTTOM D1.3' 1.3' =-
1.3 1.3 . . ~~- •.an, mottled htt ~ray 1 

_: 
. . . onecic8~R'O s~nd\ lea 'fp,oorly NOTE• TOP OF HOLE is de· =-. . ra e . 1 e o race ne 1.11' fin3d os s..-f~ ol woter 

: . . . hell. an come:-:a 101"1 IS mode : . . lor the •de such that 
: . . . , Q• top of Hole is 0.0 EL MLL W. : 

3.0-: . . 3.3' -. . . ome fine f. . • • sRgjjSe r,ao soze . . . e ma er•a. 2 VIIIR~QR~ IIQRI!j!i 
_: • • 3.11' From 1.3' to 10.0' =-: 
. . . 

Ran 9.8' Rec: 8.7' : . . 
: . . . : . . 

Top of yibrocore soa 5.0-: . . . :-. . spmple •• ~2~ed e,• be-. . . tnnong ot on ottom. 
• • hen Run is 9't1fler than 

-: . . . Recover(., the d• erence :-. . is d-;gic ed as Assumed : . . . : • • Not ecovered. -
7.0-: ·.·.· 7.3' : -. . . 7 7' . . 3 

-: 
. . . :~~lco~\~~~·ncreoses t.a; :-• • on :~.rove s•ze 

: . . . shell oteriol. : . . 
9.0-= 

. . . LAB CLASSIFICATION =-. . 
: . . . .... : . . - ~lil:aliaa - -. . . 

·10.0 10. au 1 1 UM ur HuL~ D1u.u' 1 SP -
: 2 SP : 

_: 3 SP =-: : 
: : - -
: : 

_: 
SOLS ME FIELD VISUALLY NOTE Assflm8d vibrocore =-: Q.ASSS"IEO ., ACCOAONICE relusol D 0. ' : 

: WITH THE !Mf'IIED SOl. : - Q.ASSS"ICATIQN SYSTEll -
: : 

-: :-
: : 

_: =-
_: =-: : 
: : 

-: :-

ENG FORM1836 Pfti!W:U I!DITOIS - taei.I!TI!. R"ENoB~~~~rE 1 ........ 
... 71 01-05 12 



/ 
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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l GRAVEL SAND ] 
COBBLES I COARSE I FINE COARSE MEDIUM FII<E I SILT OR CLAY 

Sample No. Elev. Or Depth Classification %CO, G, Natw% LL PL PI 

• 1 1.3'- 1.8' SAND, poorly-graded, mostly fine-grained 
quartz., little carbonate, trace silt , greenish 

18 Project Ocean Isle Renourishment 

brown (SP) 
Area 

Boring No. 0 1·05-12 
Date 8/1/2005 

GRADATION CURVES 

ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-12 / 

1 / 

1.3'- 1.8' .----
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
trace silt, greenish brown (SP} / ' 

Tare Weight, (g): 51 .01 / 

Dry Wt. Before Washing (g): 158.11 (wfth tare) 
Dry Weight After Washing (g): 156.48 (with tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx_ Visual 
%Passing VistJal Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 0.00 100.00 0 0.00 
#7 2.800 0.02 ./ 99.98 100 / 0.02 

#10 2.000 0.07 ./ 99.92 100 _./ 0.07 
#14 1.400 0.10 / 99.82 100 / 0.10 
#18 1.000 0.21 ./ 99.63 100 / 0.21 
#25 0.710 0.63 / 99.04 95 --- 0.60 
#35 0.500 3.20 / 96.05 70 / 2.24 
#45 0.355 13.50 / 83.45 50 / 6.75 
#60 0.250 30.28 ./ 55.17 30 / 9.08 
#80 0.180 36.19 / 21.38 20 ~ 7.24 

#120 0.125 18.41 / 4.19 10 / 1.84 
#170 0.090 2.08 / 2.25 5 / 0.10 
#200 0.075 0.20 / 2.06 1 / 0.00 
#230 0.063 0.06 / 2.01 1 / 0.00 

Total Shell Content: 18 % 
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I GRAVEL SAND I COBBLES I COARSE I FINE COARSE I MEDIUM FINE l SILT OR CLAY 

Sample No. Elev. Or Depth Classification %CO, G, Natw% LL PL PI 

• 2 I 3.3'· 3.8' SAND, poorly-graded, mostly fine-grained 27 Project Ocean Isle Renourishmenl 
quartz, little carbonate, trace silt , light olive 

brown (SP) 
Area 

Boring No. 01-05-12 

Date 81112005 

. GRADATION CURVES 

ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216·01-60 Date: 
01-05-12 _.,/ 

2 / 

3.3'. 3.8' ·--
8/1/2005 

Description: SAND, poorly-graded, mostly fine-grained quartz, little carbonate, 
trace sHt, light olive brown (SP) v-

Tare Weight, (g): 50.04 / 

Dry Wt. Before Washing (g): 147.88 twlfh tare) 
Dry Weight After Washing (g) : 146.71 (;Mfh tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 . 0.81 / 99. 17 100 / 0.81 
#7 2.800 0,64 / 98.52 100 - 0.64 
#10 2.000 0.67 / 97.83 100 / 0.67 
#14 1.400 0.94 _./ 96.87 100 / 0.94 
#18 1.000 2.39 / 94.43 95 ...-r 2.27 
#25 0.710 5.09 ./ 89.23 80 / 4.07 
#35 0.500 14.33 / 74.58 70 / 10.03 
#45 0.355 21 .90 / 52.20 50 ./ 10.95 
#60 0.250 27.46 / 24.13 30 / 8.24 
#80 0.180 13.21 ./ 10.63 10 / 1.32 

#120 0.125 7.57 _./ 2.89 5 .......... . 0.38 
#170 0.090 1.14 / 1.73 1 / 0.01 
#200 0.075 0.06 / 1.67 1 / 0.00 
#230 0.063 0.04 / 1.63 1 / 0.00 

Total Shell Content: 27 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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l GRAVEL SAND I COBBLES I COARSE' I FINE COARSE MEDIUM FINE l SILT OR CLAY 

Sample No. Elev. Or Depth Classification %CO, G, Natw% LL PL PI 

• 3 7.3'- 7.8' SAND, poorly-graded, mostly medium to 40 Project Ocean Isle Renourishmenl 
fine -grained quartz, some carbonate, trace 

silt, light otfve brown (SP) 
Area 

Boring No. 01-05-12 

Date 8/1/2005 

. GRADATION CURVES 

ENG FORM 2087 

MAY 63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville. Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth : 
2216-01-60 Date: 
01-05-12 
3 

7.3'- 7.8' 
8/1/2005 

Description: SAND, poorly-graded, mostly medium to fine-grained quartz, some 
carbonate, trace silt, light olive brown {SP) 

Tare Weight, (g): 50.16 
Dry Wt. Be.fore Washing (g): 164.59 (with tare) 

Dry Weight After Washing (g): 162.65 (with tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8'' 9.500 0.00 100.00 0 0.00 
#4 4.750 4.20 96.33 100 4.20 
#7 2.800 2.84 93.85 100 2.84 
#10 2.000 2.09 92.02 100 2.09 
#14 1.400 2.96 89.43 100 2.96 
#18 1.000 6.26 83.96 90 5.63 
#25 0.710 11 .-88 73.58 70 8.32 
#35 0.500 30.18 47.21 60 18.11 
#45 0.355 31 .89 19.34 50 15.95 
#60 0.250 14.20 6.93 30 4.26 
#80 0.180 3.91 3.51 10 0.39 

#120 0.125 1.47 2.23 5 0.07 
#170 0.090 0.31 1.96 1 0.00 
#200 0.075 0.05 1.91 1 0.00 
#230 0.063 0.08 1.84 1 0.00 

Total Shell Content: 40 % 



P:\GEOTECH\oi-o5(ocean).dgn  4/21/2006 11:18:14 AM

Hole No 01-05-13 
DRILLING LOG I'"'TH ATLANTIC 

liST ALATION li''' 1 WILMINGTON DISTRICT Of' 1 M£TS 
L -...CT '0. liZ! 1110 TYPE 01 ., 4" Dia. Vibracore 

OCEAN ISLE RENOURISHMENT 11. OATI.II 'OR EL£YATOI ..,.... II' 81 
2.LOCATDI~fi'SIIIIIIIf MLLW 

NC Coord. E 2187968.5 N 55646.7 12 . ....,cr....:II"S .. ..._, ... Of' DRu. 
3. IIILLIG MZNCY VEIRA CORE SNELL) 

WILMINGTON DISTRICT 1S. TOT II. NO. Of' CM:It• :-~....:o 
...... ,....., 

4. =h.N0.1Af,... ....... 01-05-13 .....:11 SIIIILES TMIII : 0 ) 

I. lUll: OI..._LER 
M. 101111. M.la:l C.: IDlES N/A 

LESTER GAUGHF !Crone Ooerotorl '6. ELEVATOI CIIO.IID WATER N/A 
I. IRCTOI OF IG.£ .. DATI£ ICI.E :STMTED •CGIIfii.E rED 

1)11 ......... [J -- DEG.'RCIII van. ·4/20/05 :4/20/05 
17'. ELEVATOI TaP Of' IG.£ 0.0 MLLW 

J. TICIIICSS Of' OW:IB.IIDEII N/A ( 2.5' of Woterl & TOT IlL CC.: RECOVERY Flit BilliG N/A • I. DEPTH R.Li£0 INTO IIIQCIC o.o· .. SGIAT\RE Of' IIRCTCIR 
I. TDTN. DEPTH 01' IICI.E 12.6' ICILL Y UL TEI8M:I GEOLOGIST TIIMC£ 

ELEVATIDII DEPTH .... .., Q.MW'ICATIDN OF IIIAT!M.I ::.:= ~ "".:::.f::"'="--~ 
MI.LW lreet - ':" ... "';'-• • ' 0.0 u 0.0' TO 2.ll' WATER Time begin vibracoring: ~ 

: 1110 hrs. ~ Soo1s descrbed by Kelley J. -: IColtenboch. Geol09st·TroW.ee. ~ 
: ~ 

2.0-= ~ 
·2.5 2.5 

OCEAN BOTTOM 0 2.5' 2.5' ~ . 
ll!!:'r:!.~or'lll.ht gro~ 'l"eCF.~rse NOTE• TOP OF HOLE ;s de· ~ -= 

. . 1 .. san , ~.e , p or fa e , r;n3d os .... ,~ o/ woter 
~ : • • l!_pme •ne·c;oar!f s nd s•ze .).0' I?!' comez;sa 10r1 IS made . . shell morterool+,•tlle 3rovel size lor the ode ouch thot ~ : . . sheiii'I'\Dlerial. race rganic op of Hole ;s 0.0 EL MLL W. . . moter•ol. ~ 4.0-: . . .. VIBRACORE BORING 
~ -= 

. . .. From 2.5' to 12.6' 
: 

. . 
5.5' Ron 8.3' Rec• 10.1' ~ • • ~ : . . 
2 . . 

Top of y;brocore so;l ~ 6.0-: . . b.U' .. ·. spmple IS !Y2~ed ~s be- ~ - ¥;""•"9 at on ottom. .. hen Run is 9''ltfler than ~ 
-: . . Recover(.• the d• erence ~ • • is de,gic ed as Assumed - • • ~ 

1.~ 
. . Not ecovered. 

8 . . 
: .. 8.5' ~ . . .. 

~ . . 3 
-: . . ll.u· ~ 
: . . 

~ . . 
10.0..: . . LAB CLASSIFICATION ~ .. 

: • • .... ~ •• - Clallilil:lliaa - • • ~ - . . 1 SP ~ . . 
11.5' : . . 2 SP ~ 

12-0.:: 
. . 4 3 SP ~ .. . - . . 12.0' 4 SP ~ 2.6 -
.. 

-12.6 
~ -= BOTTOM OF HOLE AT 12.6' 

SOl.S .W: FIELD VISUOLL Y ~ 
: Q.ASSFIEO .. OCCORIIMICE ~ 

-: WITH Tt£ IMFED SOL 
NOTE Assumed v;brocore ~ Q.ASSFICATION SYSTEII 
refusal 0 12.6' ~ : 

~ -= ~ 
: ~ 

-: ~ 
: ~ 

-= ~ 
- ~ 

-= 
~ 
~ 

: ~ 
: ~ -: ~ 

~ 
1-

ENG FORM1836 ,.._. <IITOe..,. -•••· -... •• 0 AN IS E 1 ........ _ ..... 01 05 13 
_j 



/ 
U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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I GRAVEL SAND I 
COBBLES I COARSE' I FINE COARSE MEDIUM FINE I SILT OR CLAY 

Sample No. Elev. Or Depth Classification %C03 G. Natw% LL PL PI 

• 1 2.5'- 3.0' SAND, poorly graded, mostly medium to 27 Project Ocean Isle Renourishment 
fine-grained quartz, little carbonate, trace 
silt, trace limestone fragments. tight olive 

brown (SP} Area 

Boring No. 01·05-13 

Date 8/1/2005 

GRADATION CURVES 

ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-13 
1 

2.5'- 3.0' 
8/1/2005 

Description: SAND, poorly graded, mostly medium to fine-grained quartz, little 
carbonate, trace silt, trace limestone fragments, l.ight olive brown (SP) 

Tare Weight, (g): 50.11 
Dry Wt. Before Washing (g): 185.79 (With tare) 

Dry Weight After Washing (g): 183.92 (with tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/8" 9.500 0.00 100.00 0 0.00 
#4 4.750 3.75 9724 80 3.00 
#7 2.800 1.82 95.89 90 1.64 
#10 2 .000 1.64 94.69 100 1.64 
#14 1.400 2.23 93.04 100 2.23 
#18 1.000 3.95 90. 13 95 3.75 
#25 0.710 6 .79 85.13 80 5.43 
#35 0.500 18.86 71 .23 50 9.43 
#45 0.355 28.54 50.19 40 11 .42 
#60 0.250 30.56 27.67 30 9.17 
#80 0.180 20.49 12.57 10 2.05 

#120 0.125 13.18 2.85 5 0.66 
#170 0.090 1.92 1.44 1 0.02 
#200 0.075 0.27 1.24 1 0.00 
#230 0.063 0.05 1.20 1 0.00 

Total Shell Content: 27 % 



U.S. STANDARD SIEVE OPENING IN INCHES 
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• 2 5 .5'- 6.0' SAND, poorly graded, mostly medium to 
fine-grained quartz, some carbonate, trace 

35 

silt, rew limestone rragments, olive brown 
(SP) 

GRADATION CURVES 

ENG FORM 2087 

MAY63 
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Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff RoadS. 
Jacksonville. Florida 32246 
(904) 997-1 400 (Tel) · (904) 997-9150 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-13 
2 

5.5'- 6.0' 
8/1/2005 

Description: SAND, poorly graded, mostly medium to fine-grained quartz, some 
carbonate, trace silt, few limestone fragments, olive brown (SP) 

Tare Weight, (g): 50 .21 
Dry Wt. Before Washing (g): 169.68 (with tare) 

Dry Weight After Washing (g): 167.96 (with tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
% Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 11 .44 90.42 0 0.00 
3/8" 9.500 13.90 78.79 90 12.51 
#4 4.750 3.48 75.88 95 3.31 
#7 2.800 3.05 73.32 95 2.90 

#10 2 .000 2.73 71.04 100 2.73 
#14 1.400 3.02 68.51 100 3.02 
#18 1.000 4.77 64.52 90 4.29 
#25. 0.710 6.71 58.90 80 5.37 
#35 0.500 12.93 48.08 70 9.05 
#45 0.355 16.45 34.31 50 8.23 
#60 0.250 17.80 19.41 30 5.34 
#80 0.180 13.31 8.27 10 1.33 

#120 0.125 6.30 3.00 5 0.32 
#170 0.090 0.90 2.24 1 0.01 
#200 0.075 0..22 2.06 1 0.00 
#230 0.063 0.14 1.94 1 0.00 

Total Shell Content: 35 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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1 GRAVEL SAND 1 COBBLES r COARSE r FINE COARSE MEDIUM FINE I SILT OR CLAY 

Sample No. Elev. Or Depth Classification %co, G, Natw% LL Pl PI 

• 3 8.5'- 9.0' SAND, poorly graded, mostly fine-grained 32 Project Ocean Isle Renourlshment 
quartz, some carbonate, trace sill, light olive 

brown (SP) 
Area 

Boring No. 01-05-13 

Date 8/1/2005 

GRADATION CURVES 
ENG FORM 2087 

MAY63 



Project: 
Project No.: 
Boring No.: 
Sample No.: 

WOLF TECHNOLOGIES, INC. 
3047-4 St. Johns Bluff Road S. 
Jacksonville, Florida 32246 
(904) 997-1400 (Tel} · (904) 997-91 50 (Fax) 

VISUAL SHELL CONTENT 

GRAIN SIZE AND VISUAL SHELL CONTENT 

Ocean Isle Renourishment I Depth: 
2216-01-60 Date: 
01-05-13 ~ 

3 / 

8.5'- 9.0' ---
8/1/2005 

Description: SAND, poorly graded, mostly fine-grained quartz, some carbonate, 
trace silt, light olive brown (SP) 

Tare Weight~ (g): 50.62 ./' 

Dry Wt. Before Washing (g): 151 .97 (wfth tare) 
Dry Weight After Washing (g): 150.28 (wttfi tare) 

Sieve Size Sieve Size Weight 
Approx. 

Approx. Visual 
%Passing Visual Shell 

(Name) (mm) Retained (g) Shell Wt. (g) 
% 

3/4" 19.000 0.00 100.00 0 0.00 
3/811 9.500 0.00 100.00 0 0.00 
#4 4.750 5.75 ./ · 94.33 100 /' 5.75 
#7 2.800 3.11 ---- 91 .26 100 / 3.11 
#10 2.000 1.87 / 89.41 100 / 1.87 
#14 1.400 2.35 / 87.09 100 / 2.35 
#18 1.000 4.32 / 82.83 95 ./ 4 .10 
#25 0.710 6.84 

---- 76.08 80 ,.....,-- 5.47 
#35 0.500 13.15 / 63.11 70 / 9.21 
#45 0.355 14.93 / 48.38 50 / 7.47 
#60 0.250 20.84 / 27.81 30 / 6.25 
#80 0.180 18.73 / 9.33 10 / 1.87 
#120 0.125 6.75 / 2.67 5 / 0.34 
#170 0.090 0.82 / 1.86 1 / 0.01 
#200 0.075 0.19 ./ 1.68 1 / 0.00 

/ 

#230 0.063 0.11 / 1.57 1 - 0.00 

Total Shell Content: 32 % 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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1 GRAVEL SAND 
COBBLES r COARSE I FINE COARSE MEDIUM FINE SILT OR CLAY 

Sample No. Elev. Or Depth Classification %C01 G, Nat w"!. LL PL PI 

• 4 11.5'- 12.0' SAND, poorly graded, mostly medium to 47 Project Ocean Isle Renourishment 
fine-grained quartz, some carbonate, trace 

silt, light olive brown (SP) 
Area 

Boring No. 01-05-13 

Date 8/1/2005 

GRADATION CURVES 

ENG FORM 2087 

MAY63 



2009 USACE VIBRACORE LOGS & 
GRANULARMETRIC DATA 



Hole No cu~ ~if hiA. ft 

I O!VISlON !NSTALLATION SHEET ~ 

' DRILLING LOG SOUTH ATLANTIC WILMINGTON DISTRICT OF 1 SHEETS 
' PROJECT !0. S!ZE AND TYPE OF BlT 4" Di!'L Vlbracore 

; SHALLOTTEINLET 11. DATUM FOR ELEVATION SHO\/IJNTBM or MSL} 

•· 
2 Loc~~~P : (u~~)on1 157.586 E 2,186,898 

MLW 
NAD 83 N 12. MANUFACTURER'S DES!GNAT!ON OF DR!Ll 

3. DR!LUNG AGENCY ALPINE VIBRACORE- SNELL 
WILMINGTON DISTRICT 13 ~~~';;~ ~~ T~~,g,vERBURDEN • DISTURB~D : UNDISTURBED 

4, HOLE NO. (As shown on drawing title and 0 
file number) SHI-V-09-01 14. TOTAL NUMBER CORE BOXES NIA 

5 NAME OF DRILlER 
15. ELEVATION GROUND WATER NIA ROBIE PAGE CRANE OPERA TOR 

6. DIRECTION OF HOLE ;STARTED .COMPLETED 
16. DATE HOLE 211912009 211912009 ['gJ VERTICAL D INCLINED --- DEG. FROM VERT. 
17. ELEVATION TOP OF HOLE 0.0' MLW 

7 WATER DEPTH (BELOW MLVV) 7.9' 
18. TOTAL CORE RECOVERY FOR GORING 100% 

8. DEPTH DRILLED INTO ROCK 0.0' 19 SIGNATURE OF INSPECTOR 
9. TOTAL DEPTH OF HOLE 27.9' LARRY BENJAMIN 

CLASS1F!CAT!ON OF MATERJALS % CORE I BOX OR REMARKS 
ELEVAT10N DEPTH LEGEND I RECOV· SAMPlE (Dri!Jing time, water Joss. depth 

(Description} I ERY NO. weathering, etc., if signiftcant) 
a b c d e l f g 
0.0 0.0 = 0.0' TO 7.9' WATER 

I 
§ 

~ T1me begin vibracorlng: 09:57 hrs. 

~ Soils described by LARRY GENJAM!N, CivH 
,.r_g 7.9 = SEDIMENT SURFACE f7_8'l I cc Engr_ Tech. 

~ 
= 

• ' • SP- Light tan, coarse, poor!y graded SAND 

I 
NOTE: TOP OF HOLE is defined as surface 

I 1::::::1 w/traca shei! fragments. 84' of water and compensabon is made for the ~ i I tide suCh that top of hole is 0.0' MLW 

~ I --.:: j."' <§' "* I •• 
I I I~ I • • • VIBRACORE BORING 

I ~ !~*""··$i "' lr 
••• I From 0.0' to 20' ~~ 

··~ 
• • • 11 ,. I Run; 20' Rec: 20' 1::_ 

I 
• • • 

1::: -~ !•... • 
Top of vibracore soil sample is logged as 

I -.g .·.·~· I 
beginning at water bottom. VIJhen Run is I~ 

I 
•• ;11-! 

·~ 

greater tl'len Recovery, the difference 1s ;:: -= ••• l depicted as Assumed Not Recovered, ••• ~ .. ~ . 3 ;:: ••• • • • ::: NOTE: Soils Commercial Lab Classified in ~ -15.4 15.4--.:: . ' . Accon:lance with ASTM~D2487 = ~ 
SC ~ Greenish tan, f!ne, C!ayey SAND. 4 ~ ~ ,,-ii 

LAB \TION §_ 
·~ ffi Jar NvmMr C!asmf!cslion F-1 SP 

~ -i7,9 17.9 = "q• 2 SP 
= 0 

Cl- Greenish tart !ean CLAY with thin 5 3 SP § = layers of ML zones to bottom. caX 4 sc E._ --= 5 SO-Cl -

= = 6 NOT TESTED ~ ~ 

~ 
7 '""'"!.} _..=: "' ,. ~ ] 6 §_ 2C 5' 

··-=: 

~ 
~ -g 

"' 
~ 

-~ ~ 
-"~ fi 

245' ~ 
·~ ~ 
-~ § 
~=: ~~ ~ ·27.9 

279 ··~ 
I= 

~ Bottom of Hole ot Elov. -27.0 ft 
NOTE : ~o\e terminated at ~ 

·~ SOILS ARE FlELD VISUALLY CL/\SSlFlED pn::dGt-ennined depth 20' below g-
-~ 

lN ACCORDANCE WITH THE UNIF!ED sediment surface. 

~-SOiL CLASSiF!CAT!ON SYSTE~v1 

···-= 
§, ... 

······~ ~ --g f i ~-
;;:;;-%;if" C:<""\Ol'<J '- ·-. • up, iiCr7 i wn cur 



Hole No ~"' " fiA R 

IDMSION !INSTALLATION SHEET 1 IlliG LOG SOUTH ATlANTIC I WILMINGTON DISTRICT OF 1 SHEETS 

i PROJECT 110 SIZE AND TYPE OF BIT 4" Dia, Vibracore 
SHALLOTTE INLET [1TDJ\TiJjfpQR ELEVATION SHOWI'(TBM or MSL) 

2. LOCATION {Coordinates or Station} MLW 
NCSP NAD 83 (USfi) N 57,580 E 2,187,095 12. MANUFACTURER'S DES1GNAT!ON OF DRILL 

3, DRILLING AGENCY ALPINE VIBRACORE - SNEll 
WILMINGTON DISTRICT i 3_ TOTAL NO_ OF OVERBURDEN : DtSTURBED :UNDISTURBED 

4. HOLE NO. (As shown on drawing title and SAMPLES TAKEN 7 0 
file number) I SHI-V-09-02 14. TOTAL NUMBER CORE BOXES NIA 

5. NAME OF DRILLER 
15, ELEVATION GROUND WATER NIA ROBIE PAGE CRANE OPERATOR 

6, DIRECTION OF HOLE 16, DATE HOLE 
:STARTED I COMPLETED 

211912009 2/19/2009 
[8J VERTICAL D INCLINED --- DEG. FROM VERT 

17. ELEVATION TOP OF HOLE O.O'MLW 
7. WATER DEPTH {BELOWMl'IN) 12.3' 

18. TOTAL CORE RECOVERY FOR BORING 98"/o 
8. DEPTH DRllLED INTO ROCK 0.0' 19. SIGNATURE OF !NSPECTOR 
9. TOTAL DEPTH OF HOLE 32.3' i lARRY BENJAMIN 

ELEVATION I DEPTH I LEGEND I CLASSIF!CAT!ON OF MATERIALS I %CORE I BOX OR I HEMARKS 

{Description) 
RECOV~ SAMPLE (Drilling time, water foss, depth 

I EflY NO. weathering etc,. if significant) 
a I b c I d t e f ! g 

0.0 

I 
0.0 = 1 0.0' TO 12.3' WATER 

I ~ ~ ' 
Time begin vibracoring: 09:57 hrs. _ §_ I I So!!S descnb~d by LARRY BENJAMIN, C!vi! 

~12.3 
,_:: SEDIMENT SURFACE fi2_3'1 I 

''" 
Engr. Tech. 

~ 
123 . 

133~ ' • • SP ·:~;~~1farse, poorly graded SAND NOTE TOP OF HOLE is defined as surface • • • 12 
'"' I=-"13.3 • • • fragments of water and compensation is made tor the 

~ 

~ 
SC - <>reenrsh gray. fine Clayey SAND 2 tide such that top of ho\e is 0.0' MLW = 

'3.8' c:c_ 

I I ~ = V18RACORE 80R1NG 

I 
__:: 

~ = "' 0' 
From 0.0' to 20' 

~ ~ 3 Run: 20' Rec: i9.6' 

~ I 163 Top of vibracore soH sample is logged as ~ 
' 1 

~ 
beginning at water bottom. IM'Ien Run is ~ greater than Recovery, the difference- is ~-~ depicted as Assumed Not Recovered. 

~ ·19,3 19.3-= ,, 1' 
NOTE: Soils commercia! lab Classified in ~ ~ ~ 

CL- Greenish gray, lean CLAY with hard 4 
598' 

Accordance with ASTM-02487 
th!n !ayers of Ml 

= LAB n \TION = ~ 

r% 
:::: 

~ '" 0 
1 SP E-5 

~ 228 3 sc ~ -~ 4 NOT TESTED 

f:~ 
5 NOT TESTED t ~ 6 NOT TESTED ~ ~ 7 NOT TESTED 

~ _l non ~-= ~·~ 
6 

~ 268 ~ 
= §_ 

-~ 

~i 
%CC ~ 

= g-~ 7 

~ 
298 ~~ 

~ ~; ~ 
.79 0 "" = §_ 
~ -32:3 jr;Jot t= 

-.::: Bottom oi Hole T uu~e l at Elsv. -32.3 ft NO 1 E. Hoie- terrninated. at ~ 
predetermined depth at 20' below ~= = I=, -··~ SO!LS /\RE F!ELD V!SUALL Y CLASS!HED sediment surface 

!N ACCORDANCE W!TH THE UN1FlED ~ = SOll ClASS!F!CATlON SYSTEM 
····-= --· 

F= 
2 ~···· 

······~ t:: ······~ f::__ 

.l l 
~ f\ 1Cr'T 1 wnt ,.__ hln 



Hole No !ff:!'LU <tff flft. A 

O!V1$lON .. 11NSTALLAT10N SHEET 1 
DRILLING LOG SOUTH ATLANTIC I WILMINGTON DISTRICT OF 1 SHEETS 

I PROJECT 10. SIZE AND TYPE OF S!T 4" Dia. Vibracora 
· .. SHALLOTIE INLET 11. DATUM FOR ELEVAT!ON SHO\IVN'TBM or MSL) 

2 LOC~~~p' or Station) 
56

,
990 

MLW 
NAD 83 (USit) N E 2.187,216 12. MANUFACTURER'S DESIGNATION OF DRILL 

3. OR!LUNG AGENCY ALPINE VIBRACORE- SNELL 
WILMINGTON DISTRICT 13. TOTAL NO. OF OVERBURDEN • DISTURBED UNDISTURBED 

4. HOLE NO,(As shown on drawing title and SAMPLES TAKEN 5 0 
fffe number) SHI-V-09-03 14. TOTAL NUMBER CORE BOXES NIA 

5. NAME OF DRILLER 

ROBIE PAGE CRANE OPERATOR 15. ELEVATION GROUND WATER NIA 

6. DIRECTION OF HOLE 16. DATE HOLE 
I STARTED I COMPLETED 

[8J VERTICAL D INCLINED --- DEG, FROM VERT 
211912009 2.11912009 

17 ELEVATION TOP OF HOLE O.O'MLW 
7. WATER DEPTH (BELOWMLW) 1.7' 

18. TOTAL CORE RECOVERY FOR BORING 60% 
B. DEPTH DRILLED INTO HOCK 0.0' 19. SlGNATURE OF INSPECTOR 
9. TOTAL DEPTH OF HOLE 21.7' LARRY BENJAMIN 

l T , CLASS1F!CAT10N OF MATERIALS I ~~'iJ'vE j ~~~Pl~ (Dri!lfng time~~fc~:t~{joss, deoth ELEVAT~ON I DEPTH ! LEGEND I (Description} I e .. iip weathering~ etc. 
a I n c d g 
0.0 00~ I l}O' TO i 7' WATER I ~ 

1.7 = ' SEDIMENT SURFACE (1 ]'l I Time begin vibracoring: iiJ:27 hrs. = ~i .7 I 
' i 7' Seils described by lARRY BENJAMIN, Civii 

~ 1 ••• SP- Tan, coarse, poorly graded SAND i Engr. Tecl't • • • z2• • • • w/trace sheH fragments 
NOTE: TOP OF HOLE is defined as surface 2--$" * * -= • • of water and compensation is made for the 

[ ~ •~ + * .. t1de such that lop of hole is 0.0' MLW 

I • • 
-~ •• $ ~ ~ i ~ ... 

i RnRJNC: I ••• "'' ~ ••• §-••• 
~ ~ • • • 5.5' to 20' !· * ., • Rec: 12' • • ~ = !.. • • • 

I z~~~ of l ;,-.;...,.,-~ • • is logged as t ..... § r •• :~th~ \f.A1en Run is 
•• ~ i· 41> 9 $" ""' •• I 'ct;J;~ied,as ~ = I· • .., • 3 l Not 

a?. =: •• 8.5' §--9.2 ••• ., .. ~·---
NOTE Soils ~ ' with •I Lab J in 

= 
• • • • ~ • With she!! fragments ~ .. I ·~ • • • ""~ 
• • • 

§_,. ~ ••• 1iiT lAB :ATION 

i 11.7 =-
• 1 • 

4 
-1 i .7 • • • I J§f N••m\Jor QasS1fi£illlQo ~ • • • 1 SP I ~ 

~ 
SC- Greenish gray, f!ne, Clayey SAND 

I 2 SP tf I ::: 
12.2 

3 SP 

-13.7 1117-----= 4 SP ~ 
---= ASSUMED NOT RECOVERED 

5 SM ~ ~ 

I\/ §__ ~ ~ ~~ ~-l !=---1 != 
&----=: 
~ = 1/\ -~ ~ = ~ ---=: 

= ~ -21 7 7i 7~ 
-.:: s6ttom a Role 1 '" at Elev. -zu n NOTE: Hole terminated at ~ :: 

predeterminod depth at 20' below ~· ·~ SOiLS ARE FJELD V!SUALL Y CLASSIFIED 
IN ACCORDANCE VVHH THE UNlF!ED sediment surt'ace. 

= SOIL CLASS!F!CA T!ON SYSTEM &----=: 
~ l '1 ~ 

······~ IE 
.=:. ·~ .=:-

= r= tCI"' 
CihV''C CA\'51111! :·~·-~ PR0 Jj:;('_T \ Htll r:; Mn 



Hole No. SH' " "" " 
OlVIS!ON I !NSTA~~:~I~GTON DISTRICT ~~HEET 1 DRILLING LOG SOUTH ATLANTIC OF 1 SHEETS 

1 PROJECT lD_ SfZE AND TYPE OF SlT 4"Dia. Vibracore 
SHALLOTTE INLET 11. DATUM FOR ELEVATION SHOVVf{TBM cr M$L) 

2 LOc~~~~cNA~~;s (u~~\on~ "" "A a E 2.11'!7.502 
MLW 

12. MANUFACTURER'S DESIGNATION OF DR!LL 
3. DR!LUNG AGENCY ALPINE VIBRACORE- SNELL 

WILMINGTON DISTRICT 13_ TOTAL NO. OF OVERBURDEN: DISTURBED UNDISTURBED 
4. HOLE NO.(As: shown on drawing tilfe and SAMPLES TAKEN 7 0 

fife number} SHI-V-09-04 14. TOTAL NUMBER CORE BOXES NIA 
5 NAME OF DRILLER 

ROBIE PAGE CRANE OPERA TOR 15. ELEVATION GROUND WATER NIA 
6. DIRECTION OF HOLE 16. DATE HOLE 

:sTARTED ,COMPLETED 

cgj VERTICAL D INCLINED --- OEG. FROM VERT 
2119/2009 211912009 

17 ELEVATION TOP OF HOLE O.O'MLW 
7. WATER DEPTH (BELOWMLVV) 5. 1' 

18. TOTAL CORE RECOVERY FOR BORING 81)% 
R DEPTH DRILLED iNTO ROCK 0.0' 19_ SIGNATURE OF lNSPECTOR 
9. TOTAL DEPTH OF HOLE 25.1' LARRY BENJAMIN 

ELEVATION I DEPTH T LEGEND1 
CLASS!F!CATJON OF MATERIALS I % CORE ! BOX 0~ I REMARKS 

(Description} I RECOV- I SAMPLE I (Drifling time, water Joss, depth 

a I b c I ERY ' NO. weathering, etc., if significant) 
d • f g 

0.0 1 0.0 = 
I 

0.0' TO 5-1' WATER 

~ -= Time begin vibracoring: i i:06 hrs. = Soils described by LARRY BENJAMiN. Civil §_ -5 1 5.1 = SEDIMENT SURFACE t5. i'\ cy Engr. Tech 

=~- ~ ~ {) * SP Tan, coarse, poorly graded SAND with NOTE; TOP OF HOLE is defined as surface ~ = . trace she!! fragments 56" of water and compensation !s made for tha §---=:1·. q."'",. 
=:=I· • • tide such that top of ho!e is 0.0' MLW = --=t •• • • ;::. • • 

:::. .. 
5 n• 'RORING _=:I· • • 

=I·' •• 2 F: ' . OJJ' to 20' 
~~.· . ' 8$ ~-•• Rec: 17.6' 
C::i •• . ' ·.*. Top of sample is Jogged as ::: 

· .. ~~.· ~ 
~~-. ~~·· " o• "d:~df;;:~:~ol~~ I'Alen Run ts ~ . • • -=: •• • • 3 

~~.· •••• nr,· §_ 
=: • ' •••• L NOTE: Soils Commercia! Lab C!assified in I ~ •••• Accoraance w1th ASTM-02487 -=· ~ I -=. ' . 

141 ~~.· •• ,, " lAB"' IUN ~ -14.1 '*.~~ 
I cc I• • 

With shell '"' 
4 lar Number Cia:>sificfltion §_ -i 5<0 15,0 = .• ¢ 

<'>.:."'• 
145" i SP 

• • 2 SP ~ C:: I· • "" • ·· SP Tan, coarse, poorly graded SAND • SP ~ .. ¢,., 0 

_:: I•. 
1A+" 

4 SP §--~ I• • 
. ", 

5 SP ' . §----::I·, •• 176 
l~l!>lt!U 

= •• '""''"u ~ -18.1 18.1 = $--9-
• • qj• •• 

= SM- 1 gmy, line. Silly SAND 6 

~ 185 I= 
= F 
~ '=--. 

E= ~~ 216 

~ -~ 
21 5" 

~ _)/ 7 277-~ 
... ~ 

r>< 
JNOT E--

_: [ _: 
E= -6" 2Sl ~ 
~ ~ Bottom of Hole at Elev. -25.1 ft 

NOTE: Hole terminated at 1=--··~ 
SOlLS ARE FlELD VISUALLY CLf\SSlF1ED predetermined depth at 20' 

E= -= iN i\CCOROANCE WITH THE UNlF!EO secHmeht surface< 
~< -:: 

CLASS1F!CAT!ON SYSTEM 

= ~,. --=: 
= ~:_ -= = ~·· = -=: ~"-
~ 

CM~ Ct''H;:)ru ~~== ~ ... --~ "·'''" 1 HOI F NO 



Hole No~ " ""' " 
D!V!SION i !NSTALLAT!ON 

'' 1 DRILLING LOG SOUTH ATLANTIC I WILMINGTON DISTRICT OF 1 SHEETS 
\_PROjECT ! iO, S!ZE AND TYPE OF B!T 4" Dia. Vibracore 

SHALLOTTE INLET 1 i. D~r~OR ELEVATION SHOWt>(TBM or MSL) 
2. LOCATION (Coordinates or Station} 

NCSP NAD 83 (USft) N 56,120 E 2,187,843 i l2. truf'iOF DRILL 
3. DR!LUNG AGENCY ALPINE VIBRACORE - SNELL 

WILMINGTON DISTRICT I 3. TOTAL NO_ OF OVERBURDEN : 01STUR8ED . UNDISTURBED 
4. HOLE NOJAs shown on drawing title and j SAMPLES TAKEN 5 0 

file number) SHI-V-09-05 14. TOTAL NUMBER CORE BOXES NIA 
5. NAME OF DRILLER 

ROBIE PAGE CRANE OPERATOR 15. ELEVATION GROUND WATER NIA 
6. DIRECTION OF HOLE 16. DATE HOLE 

i STARTED cCOMPLETED 

[gj VERTICAL D INCLINED - DEG. FROM VERT. 
212012009 • 212012009 

i7. ELEVATION TOP OF HOLE 0.0' MLW 
7 ~M>;TER DEPTH (BELOWMLWI 3.7' 

18. TOTAL CORE RECOVERY FOR BORING 73% 
R DEPTH DRILLED INTO ROCK 0.0' 19. SIGNATURE OF INSPECTOR 
fL TOTAL DEPTH OF HOLE 23.7' LARRY BENJAMIN 

ELEVATION l DEPTH 
CLASS!FlCAT!ON OF ~M TER1ALS I ~~~~': ! ~~'~,;i~ I REMARKS 

. deeth LE GEND (Drilling timo, 
(Description) I e N~ I weathering, etc .. 

a ' b c d g 
0.0 oo.-:= 

I 
0.0' TO 3.7' WATER l ~ = Time begin vibracoring: i 1:06 hrs . 

~ ...,;::: 
Soils described by LARRY BENJAM!N, Civil 

-3.7 3.7 := SEDIMENT SURFACE (3_7') CT Engc Tech. 

~ -= • • • SP- Tan, coarse, poorly graded SAND w!th NOTE: TOP OF HOLE is defined as surface = • • • 42' ~ - . • • trace she!! fragments of water and compensation is made for the 
~j.' • $ tide such lMt top of hole is 0.0' MLW 

=l·. 
~,.,.;,. § • • 

'Rf'\Rl"<' 1:::::-~~;.· • • 1:: = • ""·~"" "' ~ -=:t· • • • 2 From 0.0' to 20' • • ~I· •• 7.5' 
Run: 20' Rec: 14.5' 

~ --= • • • 
Top ' soil sampl<! ': !og'led es ~1·. • • E •• i ~~-

~·. +·~"" ~the ;""•" Run is ~ :: . .. 0d~plcled = • • • ;M ~ -= •• ""·~· 3 =. • • io.s' 
1 r NOTE: Solis Commercia! Lab Classified in ~ -=· • • 

~ ·. ·.~. Accordance with ASTM·D2487 

~ ~= ·~ $"'~· 
'"~B 

0 ICATION [ .j3 0 
13.0 ·····~ I• • ·.%<t 

~ .. "' passific:aiicn .. 
4 1 SP ~ :: . •• SP T,f'H'l,,_ coarse, poorly graded Sf\ND with 

~1·. .. -133 2 SP •• fragments 

~ -- . . . 3 SP =!·. • • 4 SP • • ~ ·~. •• 5 SM 

-16.2 
=I· ·.·.· ~ sao -! • '""' 

~== 
SM , Gray, fine Siily SAND 5 §_ •si -= g 

-18.2 50. = 
~ 

-== 
!NOT E 1::-] ~ _:g 

E .--g ~--_g ~ r= ::: 
~~ .n7 n 1--g 
E 

~ 
Bottom or Hole 1 a! Elev. ·23.7 ft 

NOTE: Ho!G tJsrminnted at ~ 
predetermined depth at 20' be!o"v E g SO!LS ARE FlELO V!SUALLY CLASS !FlED F"" 1N i\CGORDANCE WlTH THE UN!F!ED sediment surface. 

t== _g CLA.SSlFlC/\TlQN SYSTE\vi t:t···· l ~--g cc: 

-= ~ 
== ~ = '::!ld~ Ci"\DiiU ' "' .. ~ i PRn lP{" 'H(')1 r::: Nh 



DRilliNG lOG I SOUTH ATLANTIC 
i !NSTALLAT!ON 

i WILMINGTON DISTRICT 
SHEET 1 

OF 1 SHEETS 

i PR;J~;; 
1 
--- "" -- 10. SIZE AND TYPE OF BIT 4" Dia. Vibracore 

;h-u~~~-*U~ I It:~:~ IN~l-;Pgt: l~;;;;--------------4 11. DATUM FOR ELEVATION SHOIJ'Ji'fTBMQrMSl) 

1-2~· L~oc_NA~Cn~oSNP~-:;:NAD~:::.::'. SJ-:lf.;:J::::staiTOn)S:::CLftl_::N::.l!!::::56: .. :=_291:..._:E:c. 20:.!··.:.: 118~7' •• 7:_.::::1 '0 __ ---j 12. M~~~CTURER'S DESIGNATION OF DRILL 

T. DRILLING AGENCY ALPINE VI BRA CORE - SNELL 
WILMINGTON DISTRICT I : DISTURB~D : UNDISTURBED 

4, HOLE NO, (As shown on drawing title and 0 
file number) SHI-V-09-06 

14, TOTAL NUMBER CORE BOXES NIA 
5. NAME OF DRILLER 

NIA ROBIE PAGE CRANE OPERATOR 15. ELEVATION GROUND WATER 

6. DIRECTION OF HOLE •STARTED 
. 212012009 

:COMPLETED 
. 212012009 16. DATE HOLE 

i8J VERTICAL D INCLINED 
17. ELEVATION TOP OF HOLE 0.0' MLW 

7. WATER DEPTH (BELOWML\1\j 

DEG. FROM VERT 

6. 1' 
18. TOTAL GORE RECOVERY FOR BORING 69"/c 

G. DEPTH DRILLED INTO ROCK 

9 TOTAL DEPTH OF HOLE 

0.0' 

26.1' 
19. SIGNATURE OF INSPECTOR 

LARRY BENJAMIN 
CL4SS!FlCATtON OF MATERIALS %CORE 

RECOV
ERY 

BOX OR 
SAMPLE 

NO. (Description) 

d e f 

REMARKS 
{Dri!Nng time, water loss, depth 
weathering, etc., if significant) 

g 
oo - on···= 1 o.O'T06.1'WATER ~ 

. I,"= I I ~ - Time begin Vlbtacoring: 10:53 hNt c.:: = , Soils described by LARRY BENJAM!N, Clvi! !:: 
·6.1 6.1 = , SEDIMENT SURFACE 18.1'\ s"

1
· Engr. Tech. . 1:::--

::::
- $ q. * tj, SP- Tan, coarse, poody graded SAND with NOTE: TOP OF HOLE is defined a~ surface = 

••• h'lf f hP' ~. ~ * "' @ s B! ;ragmen S '<' v of water and compensation is mad~ for the ::=:--= ~ " *I tide such that top of hole is o_O' MLW ::; ::::•.•.•:1 I ::::. == • • • • • • II ,-----------·---. ~ = , n· VIBRACORE BORING tc. 
-= •••••• j II 1---l'JL......J ;::::_ =- ~ ~ ,z. From 0.0' to 20' E 

:: $- • + ·. 9,5' Run: 20' Rec: 13_8' c--= *.·.·. ~ 
~ i * • "'· •: • Top of vibracore soil sample is logged as [ 

- 1 ~ "" 't:'-..1! La'lts water bottjo Nmct. \'\then Run !s I=: ::,_... ~ 1:::: 
::,. • • "" 1::-_~ I -=1·..... 3 E 

•1 -~ -===II• -·:···:···:1 12.s E_E=~ .. 
---=:!"' NOTE: SoHs Commercial Lab Classified in c:: -··· 

Accordance with ASTM*D2487 

-~ I• • • • • ·j ;::::==~_,::A::B::C::LA:=ss::I=FI::C=AT=I::O=N=:=::I § ' -~ ~ : ~ : *: ~ 1 ~-.J'5; :'IL "--j Jar Numbe-r Ci;asslflcalKW) i ~ 
I ~i:>>:l "·' ~ ~~ I~ 
I ~~.<<·1 i ~~ I~ 
1 = • • • • • •j i!.· 5 NOT TESTED ~~ &-:=;-~ 

-18.6 IleA--::.••····· n" f.c 
= ,. stvf:'G-iaY:. iine, siii\1 sAJ'.i6 t--::' '~--1 L ________ ___, ~ 

.iO 0 10 Q :::: f ASSUMED NO! REGUVt:Rt:O 19.1' ~ 

1 ~ 
-~ F 
= F = l::::c-
:: 1::::. 

--== \ 1:::1:::: = F 1 ~-
--:::: ,:::... 

26.1 ?51~ ~ 
r~~&l~-~~Lk~~-----T-s&illottDmom:acllUkHo~le~;wladiaa,ti~Eie~v·~.-26fi.lii1~1r-·-·-·r·--·--r-:~~·~H=ol;e::ro:.:,m:l:ra:te=d=a=t··-···_.~-

,~ SOILS ARE FiELD V!SUALL y CU\SS!FlED predetermined depth at 20' below ~~-
·~== IN ACCORDANCE WITH THE UNIFIED sediment surface. P-~, .-
- SO!L CW1>$SlF!CAT!ON SYSTEM ~--~·· 

:::: I== = f.-. 
···~:::: = :::: = 

:::: ~·· 
~ ~ 



Hole No SHI~V-09-0 
D!V!S10N I iNSTA~~~I~GTON DISTRICT ~~HEEY 1 DRILLING lOG SOUTH ATLANTIC OF i SHEETS 

j PROJECT 1 HL SiZE AND TYPE: OF G!T 4" Dia. Vibracore 
SHALLOTTE INLET 11. DATUM FOR ELEVATION SHOVVf'(TBM or MSL) 

2~ LOCATION (Coordinates or Station} SS. MLW 
NCSP NAD 83 (USft) N 778 E 2,188,1513 12. MANUFACTURER'S DESIGNATION OF DRILL 

3_ DR! LUNG AGENCY ALPINE VIBRACORE -SNELL 
WILMINGTON DISTRICT 13. TOTAL NO OF OVERBURDEN i DISTURBED UNDISTURBED 

4_ HOLE NO. (As shown on drawing Me and SAMPLES TAKEN 6 0 
fife number) SHI-V-09-07 14. TOTAL NUMBER CORE BOXES NIA 

5. NAME OF DRILLER 
ROBIE PAGE CRANE OPERATOR 15. ELEVATION GROUND WATER NIA 

6. DIRECTION OF HOLE 16. DATE HOLE 
i STARTED i COMPLETED 

lZi VERTICAL D INCLINED --- DEG FROM VERT 
212012009 2120/2009 

17. ELEVATION TOP OF HOLE O.O'MLW 
7 WATER DEPTH (BELOWMLW) 5.3' 

18. TOTAl CORE RECOVERY FOR BOR~NG 79% 
8, DEPTH DRILLED !NTO ROCK 0.0' 19_ SIGNATURE OF !NSPECTOR 
g_ TOTAL DEPTH OF HOLE 23.3' LARRY BENJAMIN 

! 
GCENDT 

CLASS!F!CATlON OF MATER!ALS I %CORE BOX OR REMARKS 
ELEVAT!ON ~ DEPTH LE 

{Des-cription) 
RECOV~ SAMPLE (Drilling time, water foss, depth 

ERY Nn weathering. etc., tf significant) 
a b d . 8 f g 
0.0 T 0.0 = 0.0' TO 5.3' WATER 

~ I --:: l1me begin vibracoring: 1 i: 13 hrs. 
= Soils described by LARRY BENJAMIN, Civil ~ ~5.3 "3-= r SL'DD,rr !5 3'1 rr Engc Tech. 0. " 

E ~ ·. . ' sf' Tafl. coarse. poorly graded SAND with •• 58 
NOTE: TOP OF HOLE is defined as surface ~·· =· •• of water and compensation is made for the 

= ~ '* . ' tide such that top of hoie is 0_0' MLW != •• !=:-~I·' • • •• 
r RAOIM<" ~ ~ .· • • r r• • • :: .. •• 2 [ _::I• • "'~"" 0 8.5' From 0.0' to ·JS' 

:: . '"'•"'• Run: 18' Rec: 14_3' ~ _;:I· <e-,.<l' ... 
Top or t,;;ite'r"• samplev~~,i~':?n' ~ :=I•' 

:: I• • 
+(0$-. 

110' ~~:~Ji~~~~··; bo~~:~~ §-~~.· •••• 3 

-=I·. *,."'. 11.5' ~ ::. • • NOTE; Soils Commercia! lab Classified in ~ • • _:::1· ·~""· '" c• Accordance with ASTM~02487 

-=1·. 4 

=:: • 'II- ... -!> ... 

135' ' LAB CLASSIFICATION I~ -::I· *.,"'$ I =I• • Jar Numbgr _Qiassification ·= ~. • • I 1 SP IE-•• :=I· •• 2 SP 
J§_ =I• • •• 

ceo• 
I SP • • 3 

--::j •• • • 5 4 SP ·~ 
.17 4 17 ,_11 • . ·. ;~; 5 SP 'b ".'. 6 SM l§t 

~ SM · bark gray fine. Silty SAND 6 \be' 
17 5' I I~ 1 ·~. 

.196 jQ "·-=" [ 
·~ 

rx 
lNOT ~ -.f: ~ 

-~ 
,.:: 
~ ~:: [ 

.?;13 no-·~ [ :: Bo~"'m of Hoie i ai Eiev. ·23.3 ft 
Hole terminated at refusa-l ·...:: ,_::-

-.f: SO!LS ARE FIELD V!SUALL Y CLASSiF!EO at ·JS' below sediment 
~-lN ACCORDANCE W!TH THE UNIFiED ~~ j SOlL CLASS!F!CAT!ON SYSTEM 

= ~· 
·~ ~" 
1 ~ .. 
··~ 

~ 1 E" 
== ······~ 
==" ::: ·-~ ft:... 

F!d""" F1"'>l"'MU'I , PRn !t::t'T ] H\l!;::; f>!O 



Hole No <>u• " "" "'" 
DlVlS!ON ~ iNSTALLATlON !SHEET~ DRilLING LOG SOUTH ATLANTIC WILMINGTON DISTRICT Of 1 

i PROJECT j 10_ S!ZE AND TYPE OF B!T 4" D1a V1bracora 
SHALLOTTE INLET i i DATUM FOR ELEVAT!ON SHOV'JP{TBM or ,\-1SL) 

2. LOCATiON {Coordinates or~t:~on~ SS, 
1 E 2,188,426 

MLW 
NCSP NAD 83 (US!!) 56 l2. MANUFACTURER'S DES!GNAT10N OF DRILL 

3. DR!LUNG AGENCY ALPINE VIBRACORE - SNELL 
WILMINGTON DISTRICT 

13. TOTAL N~T~~el 0 DISTURBED : UNDISTURBED 
4. HOLE NO. {As shown on drawing title and SAMPLES 6 0 

file number} SHI-V-09-08 i4. TOTAL NUMBER CORE BOXES NIA 
5. NAME OF OR ILLER 

ROBIE PAGE CRANE OPERATOR 15. ELEVATION GROUND WATER NIA 
6. DIRECTION OF HOLE STARTED . COMPLETED 

16. DATE HOLE 212012009 212012009 [:gj VERTICAL 0 INCLINED --- OEG. FROM VERT. 
i7. ELEVATION TOP OF HOLE 0.0' MLW 

7. WATER DEPTH (BELOWML\/1/) 7.1' 
iB. TOTAL CORE RECOVERY FOR BORING 70% 

8 DEPTH DRILLED INTO RDCK 0.0' 19. SIGNATURE OF INSPECTOR 
9. TOTAL DEPTH OF HOLE 27.1' LARRY BENJAMIN 

ELEVATION l DEPTH LEGEND I CLASS1F!CAT!ON OF Mt .... TER!ALS %CORE soxo~~ REMARKS 
RECOV, SAMPLE I (Dri!!ing time, water foss, depth 

I 
(Description) ERY NO weathering, etc,, if significant} 

a b c d e I g 

0.0 0.0 = 
I 

O.O'T07<1'WATER I= 
---= I Time begin vibracoring: i i :32 hrs. F"' , :- Soils described by LARRY BENJAMIN, Civil ~ ~7- i I 7.1 = SEDIMENT SURFACE 7.1'1 I ,. Engr, Tech. 

= $ $ $ 1 SP ~Tan, coarse, poorly graded SAND 1 
NOTE: TOP OF HOLE is defined as surface ~ 

~ 
• (!!> 4" $ 'h t 7~ of woter and compensation is made for the I=-f ... $. 'll'"' $ ~ tide such that top of ho!e is 0.0' MLW F = t" <;> <) • ! E ---= • • ', . 

'RORING §__ = 1$ '1- ~ w i 2 • • 
~ . ' . 10.& 

~g~o~~ ••• §_ • • • -~ ••• 
~ • • • 

-~ . . . :~~;;;.~{?;~,~b;~~~i-~~~f<~dn ~! • • • 
~ ---:: • • • I 13. i :: 

• • • 
,. n ~ -13.1 • • • . ' . 

I = ••• Trace she!! fragments ~ 
I 

••• 13.5 ~ • • • NOTE o""' r. 1 •h rh """ l in 
~ • • • = • • • l with Ati I M-U<40f ••• = 

I 
~ ••• = • • • 

''"' 
LAB CLASSIFICATION • • • ::: i I• *' ,. ;(>! 4 Jar Nuf!'ber Classif'calion ~ "' ~ 1 1 SP -17.0 17.0 ::: $" $ <11- 165' 

~ • • 2 SP +" + <:> SP ~ Tan, coarse, poor!y graded SAND with = •• 
'"" 

3 SP ~ 18.6 ~-:: 
$ (!- ¢ ~ she!! fragments 

4 SP 
-18.8 •• -, §_ .,. -iJ. ~~--~·- 'i851 5 SP 

---= ~ *.,., '$,.. Trace she!! fragments 6 NOT TESTED 

~ = !'* .. ~ * ... <:> 
_;:: :10 <!'> v j 

''" 6' 

E-= • • • ••• 
~ -211 21.1. = ••• 6 

= I 
ASSUMED l'lOT RECOVERED 211' 

~ ~- ~ -
":C 

~ :: 
~~ §--
~ \ ~ 
---= E-

·27.1 27.1. = § 
F-

.. ~ Bottom oi Hole 1 at Eiov -27. i It 
NOTE: Ho!e term!n21ted at ~-~ SOiLS i1,RE FJELD VlSUALL Y CLASS!F!EO pr®:determined depth at 20; belcw 
sedirrw~nt surface I= --:: lN ACCORDANCE V'VlTH THE UN !FlED ~~ SO!L CLASS1FlCATlON SYSTEM 

~--~~ 

..•.. ~ ~ 
·~ 

~-
-··-~ 

==--··· = 
ENGfORill ''i}i!"'H~. PRF\/Ul! !S F!i!T\CH-..JS ;"'MF (iRBDU::TE ·;::::,~;:,~,-, ""~""" '"'" ;-'<'"? 1 1Ki\-f',~P: M no 



DRILLING LOG 
O!VlS!ON 

, SOUTH ATLANTIC 
l!NSTALLATJON 

I WILMINGTON DISTRICT ISHEE! 

OF 1 
1 

SHEETS 
1 PROJECT iO. S!ZE AND TYPE OF B!T 4" Oia. Vibracora 

·>,j.-~:::S:.,H;:,..A,::l::L:,:cO:..TT:_ccE:::.c.;IN=l=E,::cT-;c--:-------------! il. DATUM FOR ELEVATION SHOWitTBMorMSL) 
2. LOCATION {Coordinates or Station) . ..,.., '"''"'"' MLW 

j.-=.:..N::G::S:.:P~N::.,A:,::Dc-8::::3::.oc(U:::_SS:::;ftftc.e))c_:_: Ncco=l ··"'=""=-..:E::_.::2=, 18c:.7::, 1:.::13:.::6 ___ _,12. MANUFACTURER'S DESIGNATION OF DRILL 
3. DRILLING AGENCY ALPINE VI BRAG ORE- SNELL 

I---W=IL:::M:::c:.IN::G:::.T::::O=N_,D::::I.:::S'-"T'-R"'IC::.T:__~-------=--1" TOTAL NO. OF OVERBURDEN. DISTURBED 
4. HOLE NO,(As shown on drawing title and SAMPLES TAKEN . 7 

fil@ number) SHI-V-09-09 14 TOTAL NUMBER CORE BOXES 
5 NAME OF DRILLER 

ROBIE PAGE CRANE OPERATOR 
EL DIRECTION OF HOLE 

I8J VERTICAL 0 INCLINED 

7. WATER DEPTH (BELOWMLW) 

8. DEPTH DRILLED !NTO ROCK 

9. TOTAL DEPTH OF HOLE 

DEG. FROM VERT 

20.7' 
0.0' 

40.7' 

15. ELEVATION GROUND WATER 

10. DATE HOLE 
• STARTED 
. 31412009 

17. ELEVATION TOP OF HOLE 

18. TOTAl CORE RECOVERY FOR BORING 

19. SIGNATURE OF INSPECTOR 

LARRY BENJAMIN 

NIA 
NIA 

• UNDISTURBED 

0 

• COMPLETED 
. 31412009 

O.O'MLW 
100% 

REMARKS 
ELEVATlON DEPTH LEGEND 

b c 

ClASS1F!CATlON OF MA! ER!ALS 
(Description} 

d 

(Dril!fng time. water loss. depth 
weathering. etc., if significant} 

g 
00 0.0' TO 20,7' WATER 

~20.7 

iHOIFNfi 



Hole No €"'>!~~•tn,n,AQ 

DMS!ON 1NSTALLAT10N SHEET 4 

NG LOG ' 
SOUTH ATLANTIC WILMINGTON DISTRICT OF 1 SHEETS 

1. PROJECT 1 !0_ SJZE AND TYPE OF B!T 4" DIEL Vibracore 
SHALLOTTE INLET 11. DATUM FOR •nnv , nwl or MSL) 

· 2. LOCATJON (Coordinates {U~ft~on~ 
E 2.187,333 

MLW 
NCSP NAD 83 57,465 12 MANUFACTURER'S DESIGNATION OF DRILL 

3. DR!LUNG AGENCY ALPINE VIBRACORE -SNELL 
WILMINGTON DISTRICT 13. "[,~7!7 ~;(TOF OVERBURDEN 1 DISTURBED :UNDISTURBED 

4. HOLE NO. (A.s shown on drawing title and TAKEN 1 8 0 
fi!G number) SHI-V-09-10 14. TOTAL NUMBER CORE BOXES NIA 

5. NAME OF DRILLER 
ROBIE PAGE CRANE OPERATOR 15. ELEVATlON GROUND WATER NIA 

6. O!RECTlON OF HOLE . STARTED :COMPLETED 
16. DATE HOLE 3/412009 314/2009 

!2'j VERTICAL 0 INCLINED --- DEG, FROM VERT 
17, ELEVATlON TOP OF HOLE O.O'MLW 

7. WATER DEPTH (BELOWMLW) 4.9' 
18. TOTAL CORE RECOVERY FOR BORING 94% 

a. DEPTH DRILLED !NTO ROCK 0.0' 19. SIGNATURE OF INSPECTOR 
9. TOTAL DEPTH OF HOLE 24.9' LARRY BENJAMIN 

l CLASS\F!CAT!ON OF MA TER!ALS I ' (;:?_~E I !':'~~OR REMARKS 
ELEVATION DEPTH LE 

GCEND I ~ECOV- SAMPLE (Driiling time, water loss, depth 
(Description) I E~Y NO. weathering, etc., jf significant) 

a b d I g 

0.0 o.o::: 0.0' TO 4_9' WATER 

I 
E = Time begin vibracoring: 09:26 hrs. 

I ·c:: 
SEDIMENT SURFACE 14 9'\ 

Soils described by LARRY BENJAMIN. Civi! ~ -49 4.9 = •c Engr, Tech. 

5.9 =1 . 11 SM - Gray, fine Silty SAND I 
NOTE: TOP OF HOLE is defined as surface t-

*5.9 '" of water and compensation is made for the ~ ~· •• SP- Tan, coarse, poorly graded SAND with 2 tide such that lop of hoie is 0.0' MLW 

' ' I -=· . ' sheH fragments 

I 
6.4' t= 

' -= . ' 'l ~ I =' ' . V!GRACORE 8QR.!NG 

I 
~·· . ' ~ •• = . .. From 0.0' to 20' 

~· . • • cc• Run: 20' Rec: iS$ ~ . ' 
I =· • • 3 

Top of vibracore son sample is logged as ~ ~·· • • •• 9.5' 
at water b;~i~ \Nhen Run is §--• • =·· ' . ~d~PiCied.~S difference iS :: . •• E. ....:::· • • = ' • • 

~ · . • • 
II NOTE: Soils Commercia! Lab Classified in I ~ I • • =· •• • • 

'"" 
Accordance W!th ASTMw02487 -

-12.9 12,9 = •• •• ~ ~, t 11 
SM - Gray. fine Silty SAND 4 lAB <'l liON 

13.4' §---= I J¥ NDmbsr 

~d 

I 11 
I 1 s;-~M §_ ~I I 

''' 1 

" 5 3 SP-SM ~ ~1 '55' 4 SM . I I 5 SM § = 1 1 i 6 MH 173-= 13 
!-::.... -iT3 

~ 
NOT TESTED ~ lru~ 1 T MH- Dark gray, e!astic S!LT I NOT 1 "" i ~!J 

~18.4 1 !~ 
§_ ~~.· 

• • SP ~ V\/hite, coarse, poor!y graded SAND • • '5.5' 

= . • $.% with wood 

~ .on 4 704~ 1 •• •••• )04' r --.:: 
SM - Gray. fine Silly SAND 5 

20S ~ 
= &--= ~· 

= 
·" 7 

7,7~ ~ 
?40~ ~x if~ot E:~ 

_)J 5 F E 
~ s0iiom 01 Hoi& , "'""'d .gt Elev -24.9 ft NO! E: Hole terminated at F 

.--=: 
SO!LS ARE FIELD VlSUALL Y CLASS !FlED predetermine-d depth at 20' bebw ~ = sediment surface, 

~··· = 
!N ACCORDANCE W\TH THE UN!F!ED 

--~ SOlL CLASS!FlCATJON SYSTEM 

= 
E. 

= 
::-~ 

= ·····~ =-:: = ···C:: ~ :: 
ENG FORili <11:1~£: 00C,t!hi ;.;:_; CTVT~nk1C AOC 0PC:f'd 1 P~OJECT 

~-~' 
I HOJc.E.!00. 

" 



DIV1S!ON :INSTALLATION 

DRilLING LOG SOUTH ATLANTIC WILMINGTON DISTRICT 
1 ·~;~~~LOTTE INLET 10 SIZE AND TYPE oF BIT 4" Dia. 

;?2.~ LOJ!U~\!~!V.!JN~'_I'~;i;;"~' ~ ofs.,, ,;:; Si;;;;;;;;t~a.ti.l~on;---)---------j 11 D~t~OR '~nv"'' '"'"or MSL) 

!--= Nt;~SPc_:.N::A~D~8::::3..l::: iVJ=;:,Srrfll:LI N:..:.::5::_:7_c,3;::6::::1l::_;:E:..;2::.:••.:.:::. 187,_,:::5:.:.7.:_7 ___ ~ 12. MANUFACTURER'S DESIGNATION OF DRILL 
3. DRilLING AGENCY ALPINE VIBRACORE " SNELL 

1-'--W=Il::::M~I:.:N:::G::.:T:..:O:::N.=_::D:_::IS::::T,:.:R:.,:I:.,:C::,eT,__ _________ --Jn TOTAL NO. OF OVERBURDEN: DISTURBED 
4_ HOLE NO. {As shown on drawing title and SAMPLES TAKEN . 5 

file number} 

5. NAME OF DRILLER 

ROBIE PAGE CRANE OPERATOR 
6. DIRECTION OF HOLE 

I2Sl VERTICAL D INCliNED 

7 WATER DEPTH (BELOWMLW) 

8, DEPTH DR!LLED INTO ROCK 

9_ TOTAL DEPTH OF HOLE 

DEG. FROM VERT. 

5.2' 
0.0' 

25.2' 

14. TOTAL NUMBER CORE BOXES 

15. ELEVATION GROUND WATER 

• STARTED 
16. DATE HOLE . 31412009 

17. ELEVATION TOP OF HOLE 

i 8" TOTAL CORE RECOVERY FOR BORING 

19. SIGNATURE OF INSPECTOR 

LARRY BENJAMIN 

NIA 
NIA 

ISHEET 1 
OF 1 SHEETS 

. UNDISTURBED 

0 

.COMPLETED 

. 3/412009 
0.0' MLW 

82% 

REMARKS 
ELEVAT10N 

a 

DEPTH I LEGEND I 
b c 

CLASS!F1CAY10N OF MATER!ALS 
(Description) 

d 

(Drilfing time, water Joss, depth 
weathering, ate., if signmcant) 

g 
0.0 

·5.2 

I 

-· . ~ > PRO.:FCT 



~------------~~~----------~----~~~~------------~~Ho~ieN~o, SP'"nn 2 

!DIVISION jiNSTALLATiON ~T 1 
DRilLING lOG SOUTH ATLANTIC I WILMINGTON DISTRICT k.. 1 SHEETS 

1-,-, _P_:R;O_:JE,:.C,:.T.:.::__::_..:.:_.:_L~~.!,!:~~~!!C~-----+,-O.-S-IZ;'CE;;_A:;;N;!D;;_TY::!:;P;C.E!;O::CF!:8!.-I:;:T:;,:::~4c:"::0:::i,_a-, TVTilbTr_a_C_O_ra--

lu:icS~HfiAcSL~l'f<Q~TI~E~I~N~L~E~Tit!on)-----------~11, DATUM FOR ELEVATION SHOWNTBM or MSL) 

2. LOCf':~C:.N_:NAD 03,-~'~~~!~on) "' ''" MLW 
1--_c:: N,::::Lt:i::_l-'c::,c:;;:'"oo:::_l t12lu,J;;:,S=nft)'-") N""'~ ~"e,'··"=OO::_:::Ec:2::,c:1.:;8::7.;.,8:,7:,0::_ ___ -i. 12, MANUFACTURER'S DESIGNATION OF DRILL 

3. DRILLING AGENCY ALPINE VIBRACORE- SNELL 
1--W~I:::LM~IN=G:.:T,::O::N~D::I:::S,.:T:_R::IC::,T,:_ __________ _, 13. TOTAL NO OF OVERBURDEN: DISTURBED 

4. HOLE NO. (As shown on drawing title and 
1 

SAMPLES TAKEN . 8 
• UNDISTURBED 
• 0 

me number} SHI·V·09-12 
14. TOTAL NUMBER CORE BOXES NIA 

5. NAME OF DFULLER 
ROBIE PAGE CRANE OPERATOR i 5_ ELEVAT10N GROUND WATER NIA 

6. DIRECTION OF HOLE 

[8J VERTICAL 0 INCLINED 

7. WATER DEPTH (BELOWMLW) 

G. DEPTH OR!LLED INTO ROCK 

9. TOTAL DEPTH OF HOLE 

ELEVATION 

0,0 

·12.5 

-19.7 

-21.0 

-22,0 

-22,7 

f--. -23.7 

~:2ELO 

DEPTH 

b 

I 
oo__::: 

::. 
= 125~ 

I 
I 
I 
! 

I 

LEGEND 

• STARTED 
16, DATE HOLE i 3/4 /2009 

• COMPLETED 

OEG. FROM VERT 
. 31412009 

17. ELEVATION TOP OF HOLE 0.0' MLW 
12.5' 

0.0' 
32.5' 

HL TOTAL CORE RECOVERY FOR BORING 

19, SIGNATURE OF INSPECTOR 

87% 

CLASS!F!CAT!ON OF MATERIALS 
(De-scription} 

d 
Q_ 0' TO 125' WATER 

SEDIMENT SURFACE (125'\ 

LARRY BENJAMIN 

SP Gray, coarse, poorly graded SAND with I 
shell fragments I 

SP-SM -Gray, fine, poorly graded Silty 
SAND 

SM - Gray, fine, SHty SAND with she!! 
fraoments 

SM- Gray, fine, Silty SAND 

Wlth she!! fragments 

MH ~Dark gray, e!astic S!LT 

I 

REMARKS 
(Drilling time, water loss. depth 
weathering, etc., if significant) 

g 

Time begin vibracorlng: i 1:44 hr:OL 
Soi!s described by LARRY BENJAMIN, Civil 
EngL Tech. 

NOTE; TOP OF HOLE is defined as surface 
af water and compensation is made for the 
tide such that top of hole is 0.0' MLW 



Hole No. ow " "" • 3 
DMS10N I iNSTALLATiON ~~HEET 1 DRILLING LOG SOUTH ATlANTIC ' WILMINGTON DISTRICT OF 1 SHEETS 

1 PROJECT 10. SIZE AND TYPE OF B!T 4" Diet Vibracore 
SHALLOTTE INLET 11. DATUM FOR ELEVATION SHO\IVI'-fTBM or MSL) 

2. LOCATION (Coordinate~ l~~~;on~ 
E 2,187.889 

MLW 
NCSP NAD 83 54,056 12. MANUFACTURER'S DESIGNATiON OF DRILL 

3. OR!LUNG AGENCY ALPINE VIBRACORE - SNELl 
WILMINGTON DISTRICT 13. TOTAL NO. OF OVERBURDEN; DISTURBED : UNDISTURBED 

4. HOLE NOJAs shown on drawing title and SAMPLES TAKEN 6 0 
fife number) SHI-V-09-13 14. TOTAL NUMBER CORE BOXES NIA 

5. NAME OF DRILLER 
ROBIE PAGE CRANE OPERATOR 15. ELEVATION GROUND WATER NIA 

6. DIRECTION OF HOLE STARTED :coMPLETED 
16. DATE HOLE 314/2009 314/2009 181 VERTICAL DINCLINED --- OEG. FROM VERT. 
17. ELEVATION TOP OF HOLE O.O'MLW 

7. WATER DEPTH (BELOW ML\1'~ 3.6' 
18. TOTAL CORE RECOVERY FOR BORJNG 72% 

B, DEPTH DRILLED !NTO ROCK 0.0' 19. SIGNATURE OF INSPECTOR 
g_ TOTAL DEPTH OF HOLE 23.6' lARRY BENJAMIN 

I T CLASSir!CAT!ON OF MATERlALS %C~~E~ ELEVATION DEPTH 'LEGEND! (Description) I RECOV- PLE (Drilling time, water foss, depth 
ERY . weathering, etc., if significant) 

a b c d e f g 

0.0 I 0:0::.:: 0.0' TO 3.6' WA l ER E-
I = Time begin vibracoring: 1 i: 57 hrs . ~ . GA~ '!3 5'\ 

Solls described by LARRY BENJAMIN, Civil 
-3.6 • !' Engr. Tech . [ 

T ..::::: ,...-;;·, Sf' Tan~coaise iloorl\' graded, SAND NOTE; TOP OF HOLE is defined as surface = I' . ' '1' of water and compensation is made for the § 
~ I· . ' tide such that top of hole is Q_ 0' Ml W E-~ fc: 

I• GD' ...:::: . ' . 
2 VfBRACORE BORING § ~ .. ' . ' . 6.5' -= • • From -o.o' to 20' ~ • • ::; • • • Run: 20' Rec: 14.3' . . . 

~ ·8.6 8.6-= •••••• !W Top l at warer-bott~m:·,~~~'ii'udn as 
·. ~ ••• I SP-SM -Grayish tan, fine to medium, poor!y 3 :th~ ~ • • t graded, Silty SAND 9.1 "ctepicled as j' Not ~ ~ • I l 

1 . ' ~ i• • ! II NOTE; Soils Commercial Lab Classified in 
...:: • Accordance with ASTM·D2467 § -11.6 11.6-= •• " g• 

~ • • SP ~Tan, coarse, poor!y graded, SAND 
""LAB lliUN §--• • • 

= l:*:~:~l 
I 

!21' 

~ ......:: 
'"' ' SP ' 

~· = I• • •••• j s 2 SP -= t<'l>"' $ * 3 SP § ~ ~.~:~:~i I 140' 
4 SP 

~ i 5 SP ~ !{'- & "'¢ * 1 I 6 SP 
~ !~ -.. *! 

I 
15~ ~ l··>>j 6 

J: !6.5' E !+,., .. * ' 
17.9 ~ •• E -i75l <j; " .,, 

~ ~ ASSUMED NOT RECOVERED 

~ ~ i= 
~ ~ J: i= 

§--1 ~ ......:: 
= ~-.ne 73ii-= ~ ......:: Bottom of Ho!e J at Elev. -23.6 ft 

terminated &t F = pmdetennfned depth at 20' be!cw E 
·~ SOILS ARE FiELD V!SUALL 't CL<\SSlFlED !:=····· lN ACCORDANCE W!TH THE UNIFiED sediment surface. 

~ 
== 

SOlL CLASSlF!C,t\TlON SYSTErv1 
~-l 

1 ~ 
F= ··j § 

-== 

E-i= 
f::M~ 'Ci"'\Ci!J "~·-~ - -·-· ----· ~ -- - _., . ·-~-·- 1 PROJECT ! HOLE NO 



Hole No. cu• H ~~ 

OMS JON jiNSTALLATION TSHEET ' DRILLING LOG I 
SOUTH ATLANTIC I WILMINGTON DISTRICT OF 1 SHEETS 

1 PROJECT 10. SiZE AND TYPE OF B!T 4" Dia. Vibracora 
.• SHALLOTTE INLET i 1. DATUM FOR ELEVATiON SHO\Nl'fTBM or MSL} 

2. LOCATION (Coordinate~ (U~~)on~ 
E 2.187.642 

MLW 
NCSP NAD 83 53.891 12. MANUfACTURER'S DESiGNATION OF DR!Ll 

3_ OR!LUNG AGENCY ALPINE VIBRACORE- SNELL 
WILMINGTON DISTRICT 113 TOTAL NO. OF OVERBURDEN c DISTURBED : UND!STU~BED 

4. HOLE NO.(As shown on drawing title and SAMPLES TAKEN ; 6 
fife number) SHI-V-09-14 14. TOTAL NUMBER CORE BOXES N/A 

5. NAME OF DR!LLER 
15. ELEVATION GROUND WATER N/A ROBIE PAGE CRANE OPERATOR 

6. DlRECT!ON OF HOLE 16. DATE HOLE 
; STARTED ;COMPLETED 

3/4/2009 31412009 [g) VERTICAL D INCLINED --- DEG. FROM VERT 
17. ELEVATION TOP OF HOLE O.O'MLW 

7 WATER DEPTH (BELOWMLW) 6.6' 
18. TOTAL CORE RECOVERY FOR BORING 64% 

8. DEPTH DRILLED !NTO ROCK 0.0' 19. SIGNATURE OF INSPECTOR 
9, TOTAL DEPTH OF HOLE 26.6' LARRY BENJAMIN 

CLASSIF\CAT!ON OF MATER~ALS ~~\~""E 
BOX OR I REMARKS 

ELEVATlON DEPTH LE GEND SAMPLE! (Drilling time, water loss, depth 
(Description) NO I weathering, etc,, if significant; 

8 b c d I g 
0.0 

I 
o o--:= I 

0.0' TO 6.6' WATER §-

I 
Time begin vibracoring: 12:17 hrs 

~ -= I Soils described by LARRY BENJM-1!N. Civil 
-6.6 6.6=. c <HR~Ar" !A A'\ s .. Engr. Tech E= 

I -~::. • • •J SP c Tan1 cocar~';:_I'''():IY.~raded, SAND with 1 
NOTE: TOP OF HOLE is defined as surface ~-

I . ', 'l \rae~ shell 

I 
7 1' of water and compensation is made for the ~ __::!• • •• tide such that top of hole is, 0.0' MLW . ' I ~~·· •• ~ 

I 
•• 9 0' 

--=I·' .. , VIBRACOR~ BORING ~ • • 2 

~I•. ' . 11:/ ~ ' . From 0.0' to 20' 
=I·' ' . Run: 20' Rec: 12.6' •• ~ ~ .· • • 1' 0' 

yop of vibracore soil sample is logged as I •• 3 

~-= , •• • • 
--== . 

• • 113 l at":'."" WMn Run is . ' 
~ ~I· . ' "d;~;~;.;; ;;,,,;~" ii~! 

..:= I• • • • nrc •• ~ =~·· • • 4 
II NOTE; Soil~ :C ;,-,:~b;_~. .:;,: j ~~ i •• 

''" t=-~~·· •• • • 
~ . "I·· • • •,..:$ 15a 

LAB CLASSIFICATION 
I _:::I·. . . 5 ~ 16,0 = ~ ~ . . ' 155" ;r N• £_:i.assif'C1l.\!£0 -16.0 ' •• ! 1 SP g--! = • •',' SP . ;~~il ~oarse, graded SAND with 

2 SP cjJQ 1 17.0 = ... • • ''" 3 SP-SM ~ :iM - liray. nne. ;,i ty SAND G l 175" 4 SP E-5 SP 
~ 6 SP·SM = 

c 1" 4 194~ ~ 

~1\ I 
I NOT ~ 

~ ~ 
1 ~ 
·~ r-

=v 
g--

\ 
~c._ 

= ~ ~ 

~··· = 
c26 b 266-= ~ --= Bottom ot Hoie faiE!ev. ··26.6 ft 

Hole terminated at g-= predetermined depth at 20' bebw ~··· = SOlLS i\RE FlELD VtSUALLY Cl!\SSlFlED c= 
iN ACCORDANCE WITH THE UN!FlED sediment surface_ 

= ~-·······~ SO!L. CLASS!f!CATlON SYSTEM 

~· = ·-= It = 
c~ ~ 
~ ~· 

ENG FORI\i >1Q"lt:: DD;;:::\Jii\\ !<:: ;::nc-nh~>.1C. APr: t\pterH {:T;;: 'c:!.'3.C· ••. ""·~·~ ....... ~ I H?J..E.~!;J; .... 1 1 



Hole No ~"' u "" • 5 

DRilLiNG lOG I LJ!V!S\ON \NST ALLATlON 
ISHEET ~ 

1 SOUTH ATLANTIC ' WILMINGTON DISTRICT OF 1 
1 PROJECT 10. S!ZEANO TfPE OF B!T 4"Di<t 

SHALLOTIE INLET 11. OATUMFOR 1 or MSL) 
2. LOCATION {Coordinates or Station) 

53
.
978 E 2 188.075 

MLW 
NCSP NAD 83 (USft) N 

12 M~'t'~t~~u,R,?~~ ~~s~~~r~o;~~Er'LL 3. DRILLING AGENCY 

WILMINGTON DISTRICT 113
. ~~M~ts~rR~EN I j 010 WKtl;t UNUIO I u0oeu 

4. HOLE NO,(As shown on drawing title and 
fife number) SHI~V~09~15 

14. TOTAl NUMBER CORE BOXES NIA 
5 NAME OF DRILLER 

NIA ROBIE PAGE CRANE OPERA TOR 15. ELEVATION GROUND WATER 

!.l DIRECTION OF HOLE 16. DATE HOLE 
c STARTED :COMPLETED 

[g) VERTICAL D INCLINED ~ DEG. FROM VERT. 
31412009 31412009 

17. ELEVATION TOP OF HOLE 0.0' MLW 
7. WATER DEPTH {BELOWMLW) 3.2' 

10. TOTAL CORE RECOVERY FOR BORING 73'% 
8. DEPTH DRILLED INTO ROCK 0.0' 1 R SIGNATURE OF INSPECTOR 
9. TOTAL DEPTH OF HOLE 23.2' LARRY BENJAMIN 

ELEVAT!ON I DEPTH 
CLASS!FlCA 1 !ON OF MATERlALS 1 %CORE BOX OR REMARKS 

LEGEND 
(Description) I RECOV· SAMPLE {Drifting time, water loss, depth 

a i b 
i ERY NO. weathering, etc" if sigmficant) 

c d a f g 
0.0 T 0.0 ··::: 

I 
~ 

0.0' TO 3.2' WATER 

I 
b· r= 

I 
nme begin vibmcoring: 12:49 tvs. ~ 3 Soils described by LARRY BENJAMIN, Civil 

-3.2 3.2 SEDIMENT SURFACE l::t2'' ,. Engr. Tech. §-
=:: r·· • a SP- 1an. coarse, poorly graded, SAND j 

NOTE TOP OF HOLE is defined as surface ~ ! ~-'" * 4 37' -'~ a • of water and compensation is made for the 
~* ~ -$ tide such that top of hole is 0.0' MLW ~ •• 

~ ... ~ $ 4 

• •• Sf t ~ •• • 2 'OORING •• 
.• "' * * 6.0' '::' = 

• • From 0.0' to 20' -= I• • * • • •• 20' Rec: 14.5' ~ = , ... _=:: •• ao· Top of vibracore soil sample is logged as §-'*. • • 
•• 

1 • •• 3 'J at ~ater bottom. \!Vhen Run lS 
!· •• 8.5' g~:~;~;~an Recovery, the dtfference ;s §_ 

~ : ...... ZlS Assumed Not §_ • •• '"AI ~ I• • •• • 4 ll NOTE; Soils Commercial Lab Classifiad in § I·. • :: • •• 105 Accordance with ASTh1-02487 

--= I·. • ~ • •• =:: I· • • u n• LAB" ION ~ •• -~ I•"' ~ " §_ •• 1 ~~ ~ • • • 125 . 
¢'. $$ 2 § 

~ I• o • 'if""* 140 3 SP • • 
6 4 SP 1::-••• 1:: .1 ~~ <!> ¢ ¢ . 14 51 5 SP 

~ •• 
1 !~ $ ¢ ¢ 

!"'"' <li <> e"' ~ ~ •• j ... ~ 9 ~ I= 
177~ 

.. ~ 
-17 7 I·.- •.• ~ "=':" Jf~QT qfC AJVCNCW § 

= -= ~ = _=:: ~ = 
= ~ ·-= ~ g_ 

~-::: r~ 
.20 0 10 0 = ~ _=:: Bottom of Hole J at Elev. ·23.2 ft 

NO 1 E: Hole terminated at §--:: 
SOILS ARE fiELD VlSUALL Y CLASSlFlED predetermined depth at 20' below 

...:= !N ACCORDANCE WlTH THE UNlf~EO sediment surface_ ~~1 
-~ SO!L CtASSlFlCi\TlON SYSTEM ~. .:: 
= ~· =: .:: ~·· 
= ··= §--= 
= 

g_ 
""~"""'" "Mo~ ~ 0.11 11 I HOLE NO 
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NCSP NAD 83 (USft) E 2,188,645 12. MANUFACTURER'S DESlGNATlON OF DRILL 

3. ORlLUNG AGENCY ALPINE VIBRACORE- SNELL 
WILMINGTON DISTRICT 13. TOTAL NO. OF OVERBURDEN: D!STURGED UNDISTURBED 

4. H~shown an drawing title and SAMPLES TAKEN 6 0 
fife SHI-V-09-16 14. TOTAL NUMBER CORE BOXES NIA 

5. NAME OF DRILLER 
ROBIE PAGE CRANE OPERATOR 15. ElEVATION GROUND WATER NIA 

6, DIRECTION OF HOLE 16. DATE HOLE 
:sTARTED :COMPLETED 

IE] VERTICAL 0 INCLINED --- DEG. FROM VERT_ 
31412009 31412009 

17. ELEVATION TOP OF HOLE O.O'MLW 
7. WATER DEPTH (BELOWML\N) 3.8' 

18. TOTAl CORE RECOVERY FOR BOR1NG 68% 
8. DEPTH DRILLED !NTO ROCK 0.0' H'L SIGNATURE OF INSPECTOR 
R TOTAL DEPTH OF HOLE 23.8' LARRY BENJAMIN 
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weathering, etc_, if sfgnfficant) 

a b c d g 
0.0 

I 
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CRANE 

SHI-V-09-17 

SO!LS ARE FlELO V!SUALL Y CLASS!F!ED 
lN ACCORDANCE W!TH THE 
UNIFIED SOIL CLASSIFICATION 
SYSTEM 

Time begin vibracoring: 13:57 hrs. 
Soils described by LARRY BENJAMJN, Civi! 
Engr_ Tech. 

NOTE: TOP OF HOLE is defined as surface 
of water and compensation is made for the 
tide such that top of ho!e is 0.0' MLW 

terminated at refusal 
depth at 15' below sediment 
surface. 
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10 0.1 

GRAIN SIZE IN MILliMETERS 

n~~~i~;r::J~~=.=r--~~~--~··---C-I_a_s-si-fl_c_a_ll-on----------y---·---S-h_a_llo-·tl-e-ln-le_t __________ _ 
IN Geoleclmical Olive 

Dale 412912009 

0.001 



0.1 0.01 

GRAIN SIZE IN MILLIMETERS 

SP a lory 



Ill 0. i 0.01 ('!.001 

GRAIN SIZE 1111 MILLIMETERS 

Classification Shallotte Inlet 

sand with trace shells, SP N Geotectmical Laboratory 

412912009 



0.1 

GRAIN SIZE IN MILLIMETERS 

Shallotte Inlet 

technical 

4/29/2009 



GRAIN SIZE IN MILLIMETERS 

Classilica!ion Shallotte Inlet 

with trace fine Geo!eclmical Laboratory 



0.1 

GRAIN SIZE IN MILLIMETERS 

om 0.001 

~~~~~~~-~-~--7~~·~~~------------,-~~~------------------------~ 
~-~~'f~!!;~1.-~!~!!!l .. ~+-~·····---·----.:::C::.:Ia::s:::;s::.:il:::ic:::;2l::l::io:::I1:.._ _________ FA:::r:::e:::a ___ ~;;:::::;::.::::.;:.::;:::._ _____________ .. __ .• -j 

Olive sand with little shells, SP 

HLS% shells No. 

Date 412912009 
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\0 

GRAIN SIZE IN MilliMETERS 
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10 0.1 

GRAIN SIZE IN MILLIMETERS 

Area Shallotte Inlet 

om 0.001 



90 

·~oo 

in Ml!llmete.rs 

Classificalion 

0.35 

0. ill 

0.1 

GRAIN SIZE IN MILLIMETERS 

sand with trace SP 

.!163 

Shallotte Inlet 

tecllnical 

4129/2009 

0.01 0 001 



0.18 

0.1 

GRAIN SIZE IN MilLIMETERS 

0.01 

Shallotte Inlet 

4/29/2009 



U,f:L Standard Sieve 

30 

10 om 0,001 

GRAIN SIZE IN MILLIMETERS 



DO 

OP5 

0,1 

GRAIN SIZE IN MILLIMETERS 

om 

sand wi!h little 

20,2% shells 

SP LIN Gootec:l'micai Laboratory 

No, SHI-V-09-3 

4/29/2009 

0,001 



GRAIN SIZE IN Ml!..lii\IIETERS 

4129/2009 



Olive 

Classilicalion 

a. 1 

GRAIN SIZE IN MILLIMETERS 

sand with few SP 

9.5°/o shells 

O.G1 0.001 

Shallotte Inlet 

4/29/2009 



20 

iOO 

Olive 

Classilicalion 

0,1 

GRAIN SIZE IN MILliMETERS 

sand with little shells, SP 

___ l?-,1~'1\-a s_h_e_ll_s ----------

0,001 

Shallotte Inlet 



?0 

0.001 

GRAIN SIZE IN MILLIMETERS 

Classification 

Olive oratory 



10 O.i 0.01 0.001 

GRAIN SIZE IN MilliMETERS 



Classification 

0.1 

GRAIN SIZE IN MILLIMETERS 

Shallotte Inlet 

technical 

4/29/2009 

om (1001 



10 0.1 

GRAIN SIZE IN MILLIMETERS 

om ll001 

::::::;!;~=~~=1=~---~-~------.-~----------i :::!!! Classification Shallotte Inlet 

Olive sand with little SP 

~--=SHI-V-09•...:·5'----------------i 
412912009 



10 0.1 0.001 

GRAIN SIZE IN MILliMETERS 

4/291200[1 



GRAIN SIZE IN MILLIMETERS 

Shallotte Inlet 

sand with lew shells, SP 
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GRAIN SIZE IN MILLIMETERS 

0,01 0.001 
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GRAIN SIZE IN MILLIMETERS 

Classlflcallon 
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4/2912009 



!0 

GRAIN SIZE IN MILLIMETERS 
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0.01 

Geotechnical laboratory 
SHI-V-09-6 

412912009 
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Classification 

'--~----~O~·=Iiv.~e~~~~~~~~s=an~d~w~it~h~s~om~e~s~h~e~lls~,~S~P------~ 
~--·---~-- ~~~11 

30.6% shells :c.__ _____ _ 

0.1 

Shallotte Inlet 

N Geotechnical 

No. SHI-V-09-6 
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0.01 0.001 
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GRAIN SIZE IN MilliMETERS 

0.01 0.001 

~~·--~--~~----~----~,-----------------------------··--~·----1 
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16.1% shells Ne. SHI-V-09·6 
-~··~---~·-··--"""...;...;...;...;.= _________ _ 

4/2912009 
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GRAIN SIZE IN MILliMETERS 

sand with lew SP 
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---~ 

lmical 
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GRAIN SIZE IN MILLIMETERS 
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4129/2009 
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0.50 

0.1 

GRAIN SIZE IN MILLIMETERS 

sand with few shells, SP 

10.4% shells 

Shallotte Inlet 

IN Gooteclmical 

0.01 0.001 



30 

10 OJ 

GRAIN SIZE IN MILLIMETERS 

0.01 0.001 



0,25 

IU 

GRAIN SIZE !Ill MILLIMETERS 

om 

~~-~-~------T"'~-~~-~--~-----~~---------..,-----------------~---~ 
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she!!s 
413012009 
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10(} 10 

2.3% shells 

0. j 

GRAIN SiZE IN MILLIMETERS 

Shallotte Inlet 

lulical 

SHI-V-09-7 

4/30/2009 

().001 



.®63 

Hl 0.1 0.01 0.00'1 

GRAIN SIZE IN MILLIMETERS 

Classilicalion 

sand with trace shells, SP 

4/30/2009 



10 

0.25 

0.1 

GRAIN SIZE IN MILLIMETERS 

Shallotte Inlet 

ec:lmic:al 

O.o1 0.001 



70 

0.18 

O.i O.Oi 0.001 

GRAIN SIZE IN MILLIMETERS 

3 teclmical Laboratory 



130 

\flO 10 

GRAIN SIZE IN MILLIMETERS 

sand with trace shells, SP 

0.1 

.ll63 

Shallotte Inlet 

N Geotechnical 

4/30/2009 

om 0.001 



0.1 

GRAIN SIZE IN MILLIMETERS 

4/3012009 

0.001 
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10 0.1 om 0.()01 

GRAIN SIZE IN MILLIMETERS 

Classificalion Area Shallotte Inlet 

sand with trace line SM CATliN Geotechnical laboratory 

No. SHI·V·09·9 

Date 4130/2009 



10 0,1 

GRAIN SIZE IN MilliMETERS 

0.01 0,001 
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Classilica!ion 
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0,1 

GRAIN SIZE 11\1 MILLIMETERS 

Area 

CAT UN 

Shallotte Inlet 

No, SHI-V-09-10 

Date 4/3012009 

0,01 0,001 



10 0.1 

GRAIN SIZE IN MilLIMETERS 

with silt and little 

152% shells 

0.01 0.00'1 

Shallotte Inlet 

N Gooleclmical Laboratory 

No. SHI-V-09· 10 

4/3012009 



4 Dark 

Classilicalion 

0.18 

0. i 

GRAlN SIZE IN MILLIMETERS 

sand with little shells, SM 

om 0.001 

4130/2009 



10 

Classilicalioo 

0,1 

GRAIN SIZE IN MILliMETERS 

sand with li!tle shells, SM 

om 0,001 



30 

0.1 0.01 0.001 

GflAJN SIZE IN MILLIMETERS 

Classification Shallotte Inlet 

elastic silt with trace MH Ill Geoleclmical 

0.5% shells 



8(1 
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!00 0.01 OJJOi 

GRAIN SIZE IN MILLIMETERS 

Shallotte lnlel 

ill Geotechnical laboratory 

413012009 



10 om 
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80 

Olive 

CiassUication 

0:1 

GRA!N SIZE IN MilLIMETERS 

sand with trace shells, SP 

1A% shells 

1m leal 

SHI-V-09-11 

4/30/2009 

0_01 0_001 



GRAIN SIZE IN MILLIMETERS 

Classilicalion 

Olive gray sand with little shells, SP 

14,5% shells::_, ____ _ 

O.D1 

liN Geotechnical Laboratory ====::.==:.:::.L.------
!1 No, SHJ-V-09-11 

413012009 



100 0.1 om 0.001 

GRAIN SIZE IN MILLIMETERS 

Classification Shallotte Inlet 

5 sand with few shells, SM technical Laboratory 

SHI·V·09·11 

413012009 

~--~------~----------------------------~~----~~~-------------------J 



100 iO 

GRAIN SIZE IN MILLIMETERS 

sand with trace shells, SP 

2.0% shells 

0.1 0.01 

UN Geotechnical laboratory 
SHIN·09·12 

4/3012009 

0.001 



0.18 

>00 10 

GRAIN SIZE IN MILLIMETERS 

Class!licalion 

sand with trace shells, SP 

0.1 

Shallotte Inlet 

technical 

SHI-V-09·12 

5/112009 

0.01 



80 

2!J 

10 

GRAIN SIZE IN MILLIMETERS 

Shallotte Inlet 

UN Geotechnical 

SHIN·09·12 

4130/2009 

0,01 



GRAIN SIZE IN MilLIMETERS 

Classlllcation Shallotte Inlet 

sand with trace shells, SP eolmioal Laboratory 

shells 

4/:l0/2009 



025 

10 0,'1 0.01 

GRAIN SIZE IN MILliMETERS 

Shallotte Inlet 

Olive gray 

·~----'0:;;.2% s:"h::e;:.lls:_. _________ _ SHI-V-09-13 

4130/2009 



:90 

Classificalion 

0.1 

GRAIN SIZE IN MILLIMETERS 

sand with trace shells, SP 

0.01 0.001 

Shallotte Inlet 



., 

01 om 0.001 

GRAIN SIZE IN MILLIMETERS 

--~~~~~~--~ ~----~·---·--·-------,· 

Classification Shallotte Inlet _ ___:===:._ ___________ _ 
sand with trace shells. SP N Geotechnical Laboratory 

No. SHI·V-09·13 

5/1/2009 



0.1 0.001 

GRAIN SIZE IN MILLIMETERS 

Classilicalion!.._ _________ -1'~~--·-2~~!::..~~---------------·-1 
Olive sand with trace SP 

1.3% shells: _________ ~ 



0.001 

GRAIN SIZE IN MILLIMETERS 

Classification Shallotte Inlet 
Olive sand with trace SP aclmicallaboratory 

---~------------~3~-~2a~~~s~h~e~ll~s--------------------~~~~~--S~H~I-~V:-o~9:·~13~--------------------------~ 
Dale 51112009 

~~-~~-----d--~·---~----------------~--------------------------~--~ 



ao 

70 

30 

Classificalion 

0.1 

GRAIN SIZE IN MILLIMETERS 

Area Shallotte Inlet 

sand with trace shells, SP CATLIN Geotechnical 

5/112009 

ll001 



10 0.1 

GRAIN SIZE IN MilliMETERS 

sand with trace SP 
Shallotte Inlet 

al 

SHI-V~09-14 

4/30/2009 



10 Q_ 1 M1 Q_QQ1 

GRAIN SIZE IN MilliMETERS 

Classilicalion Shallotte Inlet 

sand with silt and trace shells_ SP-SM IN Geotechnical Laboratory 

No- SHI-V-OfH4 

5/1/2009 



0.001 

GRAIN SIZE IN MILliMETERS 

Shallotte Inlet 

SHI-V-09-14 

5/1/2009 



20 

Olive 

Classilicali<:m 

0.18 

0.1 

GRAIN SIZE IN MILLIMETERS 

sand with few shells, SP 

6.3% shells 

Sllallotte Inlet 

N Geotechnical 

5/1/2009 

0.01 0.001 



80 

BU 

Dark gray 

Classilication 

0,1 

GRAIN SIZE IN MILLIMETERS 

sand with silt and little 

OD! 0,001 

Shallotte Inlet 

hnical 

5/112009 
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Classilicalion 

0.1 

GRAIN SIZE IN Mll!JMETEflS 

sand with trace shells, SP 

0.2% shells 

0.01 

Shallotte Inlet 

Geotechnical Laboratory 

No. SHI·V-09· 15 

Date 51112009 

0.001 
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0,1 

GRAIN SIZE IN MILLIMETERS 

Area Shallotte Inlet 

SP CATliN Geolechnical 

No. SHI·V-09-15 

Dale 511/2009 

0,01 0,001 



30 

10 

0.18 

OJ 

GRAIN SIZE IN MilLIMETERS 

sand with trace shells, SP 

0.01 O.OOi 

Shallotte 

IN Geotechnical Laboratory 

51112009 



100 

4 

0,1 

GRAIN SIZE 11\1 MilLIMETERS 

0,01 0Jl01 

Shallotte 

cal Laboratory 

SHI.V-09-15 

51112009 
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10 0.1 0.01 0.001 

GRAIN SIZE IN MilLIMETERS 

51112009 



0,1 

GRAIN SIZE IN MilLIMETERS 

6 

Shallotte Inlet 

N Geotechnical 

No. SHI-V-09·15 

51112009 

0,01 0,001 



0.18 

0.1 om 
GRAIN SIZE IN MILLIMETERS 



80 

om 0,001 

GRAIN SIZE IN MILLIMETERS 

n~~~~!~l=:::J~~~~=r=~~-"-"~""~----C-I_a_s_s•-"fl_c_a-li_o_n---------~ 
2 Olive sand with !race shells, SP 

3"2% shells 

51412009 



30 

10 om 0.001 

GRAIN SIZE 1111 MilliMETERS 



iOO 

10 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

Classification 

Olive sand wllh !race shells, SP 

SHI-V-09-16 

5/4/2009 



0.1 

GRAIN SIZE IN MILLIMETERS 

Shallotte Inlet 

UN Geotechnical 

SHI-V-09-16 

5/4/200£! 

om 0.001 



10 

Classifica!ion 

0,1 

GRAIN SIZE IN MILLIMETERS 

sand with silt and !race shells, SP-SM 

0.01 0,001 



0.1 O.Gi 

GRAIN SIZE IN MILLIMETERS 

Classification Shallotte Inlet 

Olive gray graded sand wilh trace shells, SP ec!mical 

1.4% shells No, SHI·V·09·17 
-~~~-·-·-·,_;,;~::=;:, _______ F,;:=.:.::::_;:,;,;,:.,~;,_:.;_,---------

51412009 



0,1 

GRAIN SIZE IN MILliMETERS 

SP 

Jl63 

Shallotte Inlet 

IN Geoteolmical 

,?/412009 

om 0,001 



10 

Olive 

0.1 

GRAIN SIZE IN MILLIMETERS 

0.01 0.001 

51412009 



j() 

4 Dark 

Classificalion 

[)J8 

0.1 

GRAIN SIZE IN MILLIMETERS 

sand with some shells, SM 

0.01 (LOOi 

Inlet 

IN Geotechnical Laboratory 



20 

10 OJ 

GRAIN SIZE IN MILLIMETERS 

0.01 0.001 

51412009 



APPENDIX 11
POST 2001 VIBRACORE COMPOSITE DATA



VIBRACORE PHI MEDIAN MEAN PHI PHI  % %
I. D. MEDIAN (mm) (mm) MEAN SORTING SILT CARBONATE

SHI-V-09-04 COMPOSITE 1.62 0.33 0.40 1.34 1.23 1.45 10.5

SHI-V-09-05 COMPOSITE 1.28 0.41 0.48 1.07 1.23 2.78 11.7

SHI-V-09-06 COMPOSITE 1.05 0.48 0.63 0.67 1.35 1.74 21.7

SHI-V-09-07 COMPOSITE 1.36 0.39 0.49 1.02 1.31 1.47 18.6

SHI-V-09-12 COMPOSITE 2.65 0.16 0.17 2.56 0.73 1.60 1.7

SHI-V-09-13 COMPOSITE 2.49 0.18 0.18 2.44 0.47 1.81 0.5

SHI-V-09-14 COMPOSITE 2.49 0.18 0.19 2.42 0.68 2.43 1.4

SHI-V-09-15 COMPOSITE 2.32 0.20 0.21 2.27 0.55 2.37 0.8

OI-05-05 COMPOSITE 1.38 0.38 0.42 1.24 0.98 1.62 32.3

OI-05-06 COMPOSITE 1.95 0.26 0.30 1.74 0.96 1.60 21.4

OI-05-12 COMPOSITE 1.33 0.40 0.44 1.20 1.08 1.79 31.5

OI-05-13 COMPOSITE 1.01 0.50 0.73 0.46 1.68 1.58 35.4

SHALLOTTE INLET BA COMPOSITE 1.78 0.29 0.36 1.47 1.28 1.95 15.5

COMPOSITE SUMMARY TABLE
OCEAN ISLE BEACH TERMINAL GROIN PROJECT



VIBRACORE EFFECTIVE PHI MEDIAN MEAN PHI PHI  % % PHI SIZES
I. D. LENGTH (FT) MEDIAN (mm) (mm) MEAN SORTING SILT CARBONATE -4.25 -4.0 -3.25 -3.50 -3.0 -2.50 -2.25 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 3.75 4.0 PAN

SHI-V-09-04 COMPOSITE 9.9 1.62 0.33 0.40 1.34 1.23 1.45 10.5 0.00 0.10 0.20 0.30 1.10 1.90 2.70 3.62 4.53 5.78 7.59 10.48 16.38 28.47 44.84 65.96 87.61 97.42 98.48 98.54 98.54 100.00

SHI-V-09-05 COMPOSITE 11.3 1.28 0.41 0.48 1.07 1.23 2.78 11.7 0.00 0.49 0.98 1.47 2.05 2.64 3.22 4.02 4.82 6.08 8.12 11.47 19.60 37.68 59.91 78.58 91.32 96.32 97.07 97.18 97.22 100.00

SHI-V-09-06 COMPOSITE 8.9 1.05 0.48 0.63 0.67 1.35 1.74 21.7 0.00 0.53 1.06 1.59 3.03 4.46 5.90 7.64 9.37 11.68 15.08 19.89 28.99 47.45 73.96 90.68 96.16 97.91 98.21 98.25 98.25 100.00

SHI-V-09-07 COMPOSITE 9.7 1.36 0.39 0.49 1.02 1.31 1.47 18.6 0.33 1.00 1.68 2.35 3.15 3.95 4.75 5.76 6.77 8.26 10.43 13.74 20.18 33.82 56.26 81.65 95.90 98.20 98.44 98.50 98.54 100.00

SHI-V-09-12 COMPOSITE 2.5 2.65 0.16 0.17 2.56 0.73 1.60 1.7 0.00 0.12 0.24 0.36 0.41 0.46 0.50 0.63 0.75 0.85 1.02 1.29 1.66 2.41 3.81 7.27 36.44 80.65 96.94 98.10 98.40 100.00

SHI-V-09-13 COMPOSITE 11.4 2.49 0.18 0.18 2.44 0.47 1.81 0.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.06 0.11 0.19 0.34 0.86 2.68 12.34 50.59 91.55 97.64 98.05 98.20 100.00

SHI-V-09-14 COMPOSITE 8.4 2.49 0.18 0.19 2.42 0.68 2.43 1.4 0.00 0.07 0.14 0.22 0.25 0.29 0.33 0.41 0.49 0.56 0.74 0.96 1.41 2.38 4.74 13.86 50.39 86.52 96.45 97.28 97.57 100.00

SHI-V-09-15 COMPOSITE 11.8 2.32 0.20 0.21 2.27 0.55 2.37 0.8 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.06 0.08 0.14 0.19 0.37 0.83 2.40 7.21 22.47 65.46 93.34 97.18 97.50 97.64 100.00

OI-05-05 COMPOSITE 8.5 1.38 0.38 0.42 1.24 0.98 1.62 32.3 0.00 0.00 0.00 0.00 0.55 1.10 1.65 2.18 2.71 3.52 4.78 7.60 13.67 31.01 55.88 80.19 93.71 97.87 98.31 98.37 98.38 100.00

OI-05-06 COMPOSITE 4.2 1.95 0.26 0.30 1.74 0.96 1.60 21.4 0.00 0.00 0.00 0.00 0.17 0.34 0.51 0.92 1.32 1.91 2.93 4.77 8.47 17.46 31.02 52.22 79.50 95.89 98.09 98.31 98.41 100.00

OI-05-12 COMPOSITE 8.7 1.33 0.40 0.44 1.20 1.08 1.79 31.5 0.00 0.00 0.00 0.00 0.66 1.32 1.98 2.67 3.36 4.46 6.02 9.49 16.32 34.48 57.86 78.94 90.96 97.21 98.09 98.16 98.22 100.00

OI-05-13 COMPOSITE 10.1 1.01 0.50 0.73 0.46 1.68 1.58 35.4 3.90 5.51 7.12 8.73 10.30 11.87 13.43 14.82 16.20 18.32 21.12 26.30 34.62 49.74 64.83 80.18 91.41 97.38 98.16 98.32 98.41 100.00

SHALLOTTE INLET BA COMPOSITE 105.4 1.78 0.29 0.36 1.47 1.28 1.95 15.5 0.40 0.74 1.07 1.40 1.99 2.59 3.18 3.85 4.53 5.51 6.96 9.43 14.33 25.25 40.35 57.67 79.64 95.01 97.78 98.01 98.10 100.00

COMPOSITE DATA TABLE
OCEAN ISLE BEACH TERMINAL GROIN PROJECT



SAMPLE ELEVATION EFFECTIVE PHI MEDIAN MEAN PHI PHI  % % PHI SIZES
I. D. (MLW) LENGTH (FT) MEDIAN (mm) (mm) MEAN SORTING SILT CARBONATE -4.25 -4.0 -3.50 -3.25 -3.0 -2.50 -2.25 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 3.75 4.00 PAN

SHI-V-09-04 #1 -5.4 1.8 1.52 0.35 0.40 1.34 1.08 0.10 9.5 0.00 0.03 0.07 0.10 0.47 0.83 1.20 2.00 2.80 4.20 6.20 9.50 15.90 28.80 48.90 72.60 89.90 98.80 99.90 99.90 99.90 100.00
SHI-V-09-04 #2 -8.3 2.9 1.18 0.44 0.54 0.90 1.38 0.50 18.1 0.00 0.30 0.60 0.90 2.20 3.50 4.80 6.40 8.00 10.10 13.30 18.10 26.90 42.70 62.50 81.10 92.80 98.70 99.40 99.50 99.50 100.00
SHI-V-09-04 #3 -11.3 3.0 2.14 0.23 0.27 1.91 0.95 2.80 4.2 0.00 0.00 0.00 0.00 0.40 0.80 1.20 1.65 2.10 2.60 3.20 4.20 5.90 9.80 18.10 39.40 77.20 95.30 97.10 97.20 97.20 100.00
SHI-V-09-04 #4 -14.3 2.2 1.38 0.38 0.45 1.16 1.15 2.02 9.8 0.00 0.03 0.07 0.10 1.13 2.17 3.20 3.95 4.70 5.70 7.20 9.80 17.20 34.90 54.70 76.80 93.10 97.50 98.00 98.00 98.00 100.00
SHI-V-09-04 #5 -16.8 0.0 1.50 0.35 0.35 1.50 0.79 2.01 0.0 0.00 0.00 0.00 0.00 0.03 0.07 0.10 0.10 0.10 0.30 0.90 2.50 8.00 27.30 50.00 68.00 89.20 96.40 97.80 97.90 98.00 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
SHI-V-09-04 COMPOSITE 9.9 1.62 0.33 0.4 1.34 1.23 1.45 10.5 0.00 0.10 0.20 0.30 1.10 1.90 2.70 3.62 4.53 5.78 7.59 10.48 16.38 28.47 44.84 65.96 87.61 97.42 98.48 98.54 98.54 100.00

SHI-V-09-05 #1 -4.0 2.0 0.93 0.52 0.65 0.63 1.17 2.69 17.6 0.00 0.27 0.53 0.80 2.00 3.20 4.40 5.70 7.00 9.10 12.30 17.60 29.50 53.50 83.30 93.30 95.60 96.90 97.20 97.20 97.30 100.00
SHI-V-09-05 #2 -7.3 3.1 2.06 0.24 0.25 1.99 0.60 3.10 1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.10 0.20 0.40 0.70 1.50 4.60 15.40 46.10 80.60 95.00 96.70 96.80 96.90 100.00
SHI-V-09-05 #3 -10.3 3.0 1.08 0.47 0.51 0.97 0.86 2.89 7.7 0.00 0.00 0.00 0.00 0.47 0.93 1.40 1.85 2.30 3.10 4.80 7.70 17.50 45.20 75.40 91.20 95.50 96.80 97.00 97.10 97.10 100.00
SHI-V-09-05 #4 -13.3 3.2 0.93 0.52 0.68 0.55 1.49 2.38 21.6 0.00 1.57 3.13 4.70 5.57 6.43 7.30 8.85 10.40 12.70 16.10 21.60 32.90 52.80 73.90 89.00 95.10 96.80 97.40 97.60 97.60 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
SHI-V-09-05 COMPOSITE 11.3 1.28 0.41 0.48 1.07 1.23 2.78 11.7 0.00 0.49 0.98 1.47 2.05 2.64 3.22 4.02 4.82 6.08 8.12 11.47 19.60 37.68 59.91 78.58 91.32 96.32 97.07 97.18 97.22 100.00

SHI-V-09-06 #1 -6.4 1.8 1.17 0.44 0.55 0.86 1.21 1.81 20.2 0.00 0.53 1.07 1.60 2.50 3.40 4.30 5.45 6.60 8.10 10.10 13.40 20.20 37.20 75.30 92.00 95.50 97.80 98.20 98.20 98.20 100.00
SHI-V-09-06 #2 -9.3 2.9 0.39 0.76 1.04 -0.05 1.56 1.81 30.6 0.00 1.20 2.40 3.60 6.53 9.47 12.40 16.00 19.60 24.00 30.60 39.40 53.10 71.70 86.40 93.90 97.10 98.00 98.10 98.20 98.20 100.00
SHI-V-09-06 #3 -12.3 4.2 1.25 0.42 0.47 1.08 1.01 1.70 16.1 0.00 0.07 0.13 0.20 0.83 1.47 2.10 2.80 3.50 4.70 6.50 9.20 16.10 35.10 64.80 87.90 95.80 97.90 98.30 98.30 98.30 100.00
SHI-V-09-06 #4 -15.3 0.0 1.81 0.29 0.31 1.70 0.91 0.49 7.2 0.00 0.00 0.00 0.00 0.27 0.53 0.80 1.05 1.30 1.80 2.60 3.90 7.20 16.00 33.80 59.60 83.80 97.80 99.30 99.40 99.50 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
SHI-V-09-06 COMPOSITE 8.9 1.05 0.48 0.63 0.67 1.35 1.74 21.7 0.00 0.53 1.06 1.59 3.03 4.46 5.90 7.64 9.37 11.68 15.08 19.89 28.99 47.45 73.96 90.68 96.16 97.91 98.21 98.25 98.25 100.00

SHI-V-09-07 #1 -5.6 1.7 0.96 0.51 0.66 0.59 1.15 0.50 27.7 1.90 2.43 2.97 3.50 4.37 5.23 6.10 7.25 8.40 10.10 12.80 17.50 27.70 52.10 85.10 95.80 98.40 99.30 99.40 99.40 99.50 100.00
SHI-V-09-07 #2 -8.3 2.8 0.88 0.54 0.71 0.50 1.48 1.80 37.7 0.00 0.63 1.27 1.90 3.67 5.43 7.20 9.55 11.90 15.40 20.30 27.00 37.70 53.70 72.30 88.90 95.90 97.70 98.10 98.20 98.20 100.00
SHI-V-09-07 #3 -11.3 2.5 1.28 0.41 0.52 0.93 1.33 2.01 10.4 0.00 1.53 3.07 4.60 5.10 5.60 6.10 6.55 7.00 7.60 8.60 10.40 15.60 31.10 65.30 92.80 96.90 97.80 97.90 98.00 98.00 100.00
SHI-V-09-07 #4 -13.3 2.7 1.94 0.26 0.27 1.90 0.52 1.21 0.7 0.00 0.00 0.00 0.00 0.03 0.07 0.10 0.15 0.20 0.30 0.40 0.70 1.50 4.20 13.10 54.90 93.40 98.40 98.70 98.70 98.80 100.00
SHI-V-09-07 #5 -16.3 0.0 1.67 0.31 0.45 1.15 1.42 0.49 15.7 2.30 2.97 3.63 4.30 5.20 6.10 7.00 7.85 8.70 10.40 12.60 15.70 21.00 29.10 41.30 66.70 89.00 98.00 99.30 99.40 99.50 100.00
SHI-V-09-07 #6 -17.6 0.0 2.35 0.20 0.47 1.08 1.65 34.19 2.3 0.00 0.17 0.33 0.50 1.10 1.70 2.30 3.80 5.30 9.00 13.00 16.50 21.00 27.00 33.20 42.00 53.40 59.80 63.70 65.10 65.80 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
SHI-V-09-07 COMPOSITE 9.7 1.36 0.39 0.49 1.02 1.31 1.47 18.6 0.33 1.00 1.68 2.35 3.15 3.95 4.75 5.76 6.77 8.26 10.43 13.74 20.18 33.82 56.26 81.65 95.90 98.20 98.44 98.50 98.54 100.00

SHI-V-09-12 #1 -12.8 1.8 2.64 0.16 0.17 2.53 0.79 1.58 2.0 0.00 0.17 0.33 0.50 0.57 0.63 0.70 0.85 1.00 1.10 1.30 1.60 2.00 2.80 4.20 7.37 37.50 81.10 97.00 98.10 98.40 100.00
SHI-V-09-12 #2 -15.8 0.7 2.68 0.16 0.16 2.61 0.54 1.60 0.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.10 0.20 0.30 0.50 0.80 1.40 2.80 7.00 33.70 79.50 96.80 98.10 98.40 100.00
SHI-V-09-12 #3 -18.3 0.0 2.53 0.17 0.19 2.42 0.62 1.60 1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 0.50 0.80 1.50 2.90 6.20 15.90 47.80 88.90 97.50 98.20 98.40 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
SHI-V-09-12 COMPOSITE 2.5 2.65 0.16 0.17 2.56 0.73 1.6 1.7 0.00 0.12 0.24 0.36 0.41 0.46 0.50 0.63 0.75 0.85 1.02 1.29 1.66 2.41 3.81 7.27 36.44 80.65 96.94 98.10 98.40 100.00

SHI-V-09-13 #1 -3.9 1.5 2.19 0.22 0.22 2.17 0.45 1.70 0.3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.30 0.90 4.70 32.20 78.10 95.30 98.20 98.30 98.30 100.00
SHI-V-09-13 #2 -6.3 2.5 2.47 0.18 0.19 2.43 0.46 1.30 0.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 1.00 3.50 11.90 52.10 93.10 98.30 98.60 98.70 100.00
SHI-V-09-13 #3 -8.9 2.8 2.62 0.16 0.17 2.56 0.45 1.60 0.4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.10 0.10 0.20 0.30 0.40 0.70 1.40 6.60 37.10 89.20 97.60 98.20 98.40 100.00
SHI-V-09-13 #4 -11.9 2.5 2.60 0.16 0.17 2.54 0.43 2.40 0.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 0.10 0.20 0.50 1.40 7.00 40.20 89.00 96.70 97.30 97.60 100.00
SHI-V-09-13 #5 -13.8 2.1 2.40 0.19 0.19 2.38 0.48 2.00 1.3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.10 0.10 0.20 0.30 0.60 1.30 3.50 12.70 59.50 93.20 97.60 97.90 98.00 100.00
SHI-V-09-13 #6 -16.3 0.0 2.35 0.20 0.22 2.17 0.88 2.41 3.2 0.00 0.13 0.27 0.40 0.50 0.60 0.70 0.80 0.90 1.20 1.50 2.00 3.20 6.50 14.50 31.10 57.90 89.60 96.70 97.40 97.60 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
SHI-V-09-13 COMPOSITE 11.4 2.49 0.18 0.18 2.44 0.47 1.81 0.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.06 0.11 0.19 0.34 0.86 2.68 12.34 50.59 91.55 97.64 98.05 98.20 100.00

SHI-V-09-14 #1 -6.9 1.5 2.17 0.22 0.23 2.14 0.52 0.70 0.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.10 0.10 0.20 0.40 0.80 2.10 7.40 35.90 77.90 96.40 99.10 99.20 99.30 100.00
SHI-V-09-14 #2 -9.3 2.2 2.59 0.17 0.17 2.57 0.45 1.70 0.3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 0.30 0.70 1.80 5.30 41.90 85.10 97.10 98.10 98.30 100.00
SHI-V-09-14 #3 -11.3 2.0 2.66 0.16 0.17 2.52 0.86 5.00 2.3 0.00 0.27 0.53 0.80 0.83 0.87 0.90 1.05 1.20 1.30 1.50 1.80 2.30 3.20 4.40 7.50 36.30 77.90 93.00 94.40 95.00 100.00
SHI-V-09-14 #4 -13.3 2.0 2.50 0.18 0.18 2.48 0.49 2.20 0.3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.10 0.10 0.20 0.30 0.50 1.10 2.70 8.60 50.20 87.60 96.90 97.60 97.80 100.00
SHI-V-09-14 #5 -15.3 0.7 2.36 0.19 0.23 2.12 1.04 1.79 6.3 0.00 0.10 0.20 0.30 0.67 1.03 1.40 1.70 2.00 2.50 3.30 4.40 6.30 9.60 15.10 26.70 58.90 91.30 97.30 97.90 98.20 100.00
SHI-V-09-14 #6 -17.3 0.0 2.70 0.15 0.29 1.81 1.90 9.00 18.8 0.00 1.17 2.33 3.50 4.33 5.17 6.00 7.05 8.10 9.80 11.90 14.60 18.80 22.80 25.30 28.20 37.10 68.90 87.20 90.00 91.00 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
SHI-V-09-14 COMPOSITE 8.4 2.49 0.18 0.19 2.42 0.68 2.43 1.4 0.00 0.07 0.14 0.22 0.25 0.29 0.33 0.41 0.49 0.56 0.74 0.96 1.41 2.38 4.74 13.86 50.39 86.52 96.45 97.28 97.57 100.00

SHI-V-09-15 #1 -3.5 1.5 2.17 0.22 0.23 2.14 0.45 2.30 0.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.80 5.90 34.10 80.00 95.10 97.70 97.70 97.70 100.00
SHI-V-09-15 #2 -5.8 2.4 2.24 0.21 0.21 2.22 0.41 1.30 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.80 4.30 21.80 80.00 96.20 98.50 98.70 98.70 100.00
SHI-V-09-15 #3 -8.3 2.2 2.52 0.17 0.18 2.46 0.45 2.40 0.4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 0.20 0.40 0.80 1.90 10.70 48.10 92.10 97.20 97.50 97.60 100.00
SHI-V-09-15 #4 -10.3 2.0 2.61 0.16 0.17 2.56 0.41 2.90 0.1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.10 0.10 0.10 0.10 0.20 0.40 0.80 4.70 39.40 89.10 96.10 96.80 97.10 100.00
SHI-V-09-15 #5 -12.3 2.0 2.34 0.20 0.20 2.32 0.52 3.51 1.0 0.00 0.00 0.00 0.00 0.03 0.07 0.10 0.15 0.20 0.30 0.40 0.60 1.00 1.80 3.70 12.80 67.20 92.50 95.80 96.20 96.50 100.00
SHI-V-09-15 #6 -14.3 1.7 1.82 0.28 0.29 1.79 0.72 1.91 3.5 0.00 0.00 0.00 0.00 0.03 0.07 0.10 0.15 0.20 0.40 0.60 1.40 3.50 11.20 31.00 60.70 83.20 95.30 97.70 98.00 98.10 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
SHI-V-09-15 COMPOSITE 11.8 2.32 0.2 0.21 2.27 0.55 2.37 0.8 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.06 0.08 0.14 0.19 0.37 0.83 2.40 7.21 22.47 65.46 93.34 97.18 97.50 97.64 100.00

CUMULATIVE PERCENTS AND COMPUTED DISTRIBUTIONS
OCEAN ISLE BEACH TERMINAL GROIN PROJECT (1 OF 2)



SAMPLE ELEVATION EFFECTIVE PHI MEDIAN MEAN PHI PHI  % % PHI SIZES
I. D. (MLW) LENGTH (FT) MEDIAN (mm) (mm) MEAN SORTING SILT CARBONATE -4.25 -4.0 -3.50 -3.25 -3.0 -2.50 -2.25 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 3.75 4.00 PAN

OI-05-05 #1 -3.4 2.3 1.63 0.32 0.34 1.54 0.72 1.60 27.0 0.00 0.00 0.00 0.00 0.10 0.19 0.29 0.45 0.61 0.97 1.54 2.90 5.82 16.48 40.76 75.99 92.97 97.96 98.38 98.39 98.39 100.00
OI-05-05 #2 -7.4 4.0 1.50 0.35 0.38 1.41 0.86 1.61 29.0 0.00 0.00 0.00 0.00 0.23 0.45 0.68 1.04 1.40 1.86 2.69 4.41 8.95 25.36 50.22 74.74 92.27 97.80 98.35 98.37 98.38 100.00
OI-05-05 #3 -11.4 2.2 0.88 0.54 0.65 0.63 1.15 1.64 44.0 0.00 0.00 0.00 0.00 1.61 3.23 4.84 6.06 7.28 9.21 11.96 18.30 30.47 56.48 81.97 94.49 97.11 97.90 98.18 98.34 98.37 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
OI-05-05 COMPOSITE 8.5 1.38 0.38 0.42 1.24 0.98 1.62 32.3 0.00 0.00 0.00 0.00 0.55 1.10 1.65 2.18 2.71 3.52 4.78 7.60 13.67 31.01 55.88 80.19 93.71 97.87 98.31 98.37 98.38 100.00

OI-05-06 #1 -11.1 2.3 1.90 0.27 0.31 1.69 0.95 1.04 20.0 0.00 0.00 0.00 0.00 0.14 0.27 0.41 0.89 1.37 1.96 3.14 5.21 9.47 19.08 32.43 54.18 82.75 97.30 98.87 98.94 98.95 100.00
OI-05-06 #2 -15.1 1.9 2.00 0.25 0.29 1.80 0.96 2.26 23.0 0.00 0.00 0.00 0.00 0.21 0.43 0.64 0.95 1.26 1.84 2.67 4.23 7.25 15.50 29.32 49.85 75.57 94.19 97.15 97.55 97.75 100.00
OI-05-06 #3 -16.0 0.0 2.69 0.15 0.16 2.64 0.41 2.54 11.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.13 0.18 0.21 0.42 0.96 4.17 27.80 85.54 96.10 97.21 97.46 100.00
OI-05-06 #4 -18.8 0.0 2.63 0.16 0.17 2.57 0.55 3.46 6.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.25 0.40 0.55 0.69 0.93 1.30 1.96 6.19 38.38 83.10 94.28 96.08 96.55 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
OI-05-06 COMPOSITE 4.2 1.95 0.26 0.30 1.74 0.96 1.60 21.4 0.00 0.00 0.00 0.00 0.17 0.34 0.51 0.92 1.32 1.91 2.93 4.77 8.47 17.46 31.02 52.22 79.50 95.89 98.09 98.31 98.41 100.00

OI-05-12 #1 -1.8 1.3 2.08 0.24 0.25 2.02 0.58 2.01 18.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.08 0.18 0.37 0.96 3.95 16.55 44.83 78.62 95.81 97.75 97.94 97.99 100.00
OI-05-12 #2 -3.8 3.5 1.54 0.34 0.37 1.42 0.92 1.63 27.0 0.00 0.00 0.00 0.00 0.28 0.55 0.83 1.16 1.48 2.17 3.13 5.57 10.77 25.42 47.80 75.87 89.37 97.11 98.27 98.33 98.37 100.00
OI-05-12 #3 -8.8 3.9 0.95 0.52 0.61 0.72 1.10 1.85 40.0 0.00 0.00 0.00 0.00 1.22 2.45 3.67 4.91 6.15 7.98 10.57 16.04 26.42 52.79 80.66 93.07 96.49 97.77 98.04 98.09 98.16 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
OI-05-12 COMPOSITE 8.7 1.33 0.40 0.44 1.20 1.08 1.79 31.5 0.00 0.00 0.00 0.00 0.66 1.32 1.98 2.67 3.36 4.46 6.02 9.49 16.32 34.48 57.86 78.94 90.96 97.21 98.09 98.16 98.22 100.00

OI-05-13 #1 -3.0 1.8 1.50 0.35 0.40 1.33 1.19 1.21 27.0 0.00 0.00 0.00 0.00 0.92 1.84 2.76 3.44 4.11 5.31 6.96 9.87 14.87 28.77 49.81 72.33 84.43 97.15 98.56 98.76 98.80 100.00
OI-05-13 #2 -6.0 3.0 0.91 0.53 1.06 -0.08 1.99 1.93 35.0 9.58 13.46 17.33 21.21 22.18 23.15 24.12 25.40 26.68 28.96 31.49 35.48 41.10 51.92 65.69 80.59 91.73 97.00 97.76 97.94 98.06 100.00
OI-05-13 #3 -9.0 3.0 1.45 0.37 0.49 1.04 1.43 1.58 32.0 0.00 0.00 0.00 0.00 1.89 3.78 5.67 7.21 8.74 10.59 12.91 17.17 23.92 36.89 51.62 72.19 90.67 97.33 98.14 98.32 98.43 100.00
OI-05-13 #4 -12.0 2.3 0.33 0.80 1.23 -0.30 1.52 1.46 47.0 4.61 6.63 8.65 10.67 13.11 15.54 17.98 19.85 21.72 24.70 29.37 39.11 55.58 80.05 92.70 96.19 97.42 98.12 98.39 98.47 98.53 100.00
Cut to -15.0' MLW
Values in RED indicate interpolated values.
OI-05-13 COMPOSITE 10.1 1.01 0.50 0.73 0.46 1.68 1.58 35.4 3.90 5.51 7.12 8.73 10.30 11.87 13.43 14.82 16.20 18.32 21.12 26.30 34.62 49.74 64.83 80.18 91.41 97.38 98.16 98.32 98.41 100.00

CUMULATIVE PERCENTS AND COMPUTED DISTRIBUTIONS
OCEAN ISLE BEACH TERMINAL GROIN PROJECT (2 OF 2)



APPENDIX 12
2013 CPE-NC CARBONATE ANALYSIS RESULTS 



Sample ID Dish 
Weight

Dish + 
Dry

Dish + 
End

Dry 
Weight

Post Reaction 
Weight % Terrigenous % 

Carbonate
OIB 0+00 154.27 240.58 235.86 86.31 81.59 95% 5%
OIB 10+00 168.44 255.76 251.08 87.32 82.64 95% 5%
OIB 25+00 166.79 250.39 244.82 83.60 78.03 93% 7%

Average Carbonate 6%

Project Title: Ocean Isle Beach Terminal Groin Project
Carbonate Analysis
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